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Preface

This book can perhaps best be described as an elaborate bibliographical
essay. Invoking an author’s prerogatives, I have taken liberties of style and
approach and have attempted to blend bibliography with history—with-
out, I hope, doing injury to either. The intended result was to achieve the
purpose of any bibliography—in this case, to provide information about
major works of science in the collections of the Library of Congress—in a
manner that would both interest and inform the reader. Thus I have tried
to treat eacn scientific work in a broad historical context, discussing its
relation to other major works, to its own particular discipline, or to the
history of science in general. Such treatment carries with it the danger that
this book might be read either strictly as history or strictly as science,
when in fact it hopes to be something different from either.

As to overall purpose, this is not a survey of the science collections of
the Library of Congress. That is, it is not an attempt to assess the
strengths and weaknesses of those collections as a typical survey would.
Nor is it a guide to the collections that offers descriptive general informa-
tion about the content of any particular collection. Finally, it is not a
history of each scientific discipline in any real scholarly sense.

Rather, this book is one person’s trip through the Library’s collection of
Western scientific treasures. The works chosen for discussion, although the
result of a subjective selection process, would probably appear on most
lists of the great books of science. Technology as such is given no separate
or extended treatment. These selected works are organized here by tradi-
tional scientific discipline and are treated in a typical historical, usually
chronological, manner. This treatment, however, 1s by no means a critical
review, nor is it meant to be in any way inclusive of all major works. On
the contrary, it is a friendly journey through the Library of Congress and
thus through history. It is written for the interested general reader by a
generalist, with no authority claimed. Because of this, little mention 1s
made of either interpretive theories of history or of ongoing scientific
controversies.

Little need be said of methodology. For the most part, when a book is
mentioned, it is as a primary source in the history of science. No second-
ary works are discussed. Although a particular work may come from one
of the Library’s special collections—for instance, the Lessing J. Rosenwald
Collection or the Joseph M. Toner Collection—no reference to that collec-
tion will be made in the text, since the emphasis here is always on the
individual work itself. The bibliography provides information about partic-
ular Library collections to which a book or manuscript may belong, as
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well as specific bibliographical information. Title translations will also be
found there.

Because of the great expanses of ume and the wide sweep of 1deas, both
of which were necessarily compressed in this brief treatment of a mam-
moth subject, it sometimes became easy to impose patterns on the past or
to treat a complex subject in a somewhat facile manner. Taking refuge n
the house of conventional history became an unavoidable—though not
always unwelcome—habit. Further, I have allowed myself to indulge 1n the
anecdotal. This was deliberate, as I decided early on to try to write not
only about the merits and significance of each scientific work but also
about the person behind the work. Despite the brilliance and the heights of
intellectual achievements recorded here, what often is best remembered are
the small, personal details of either greatness or frailty, success or failure—
human details that remind us that the intellectual tradition of science
partakes of a larger, more encompassing tradition of being human.

The idea for this book came from Joseph W. Price, chief of the Science
and Technology Division of the Library of Congress, who in 1981 asked
that I study the Library’s science collections and determine which of the
major works in the history of science the Library actually possessed in first
edition. It took little vision on my part to elaborate on this idea and to
produce this volume. What was necessary however was Mr. Price’s con-
currence both that such a book as this was needed and that I would be
allowed the time to write it. I thank Mr. Price for the opportunity and the
continuing support, as well as for his patient reading of each draft chapter
as it was produced. [ hope I have met his expectations.

Very early in the project, the director of the Library’s Publishing Office,
Dana J. Pratt, was consulted and he joined in support of the idea. He too
read each chapter and offered not only steady encouragement but concrete
help in molding the entire book. His good advice and much-needed criti-
cism and correction were cheerfully and positively given and were invaria-
bly helpful. He proved a wise counselor.

Once it was written, the book’s editor, Evelyn E. Sinclair, took charge
and gave the manuscript a rigorous shaping-up. Throughout the lengthy
production process | was encouraged to see her editing ability and sound
judgment complemented by superb organizing skills. I am very grateful to
have worked with such a competent and sympathetic professional.

I am very proud of the book’s bibliography—the product of Ruth S.
Freitag’s hard work. Although I selected all the works to be included there,
the remainder of the job was left to her admirable bibliographic skills. The
result is a typical Freitag job—absolutely correct and totally consistent. I
can boast here since it was not my work.

There were also many others throughout the Library, too numerous to
list here, whose cooperation and assistance made my job easier. Among
those to whom | must have been a regular burden, however, and to whom
[ owe a special thanks are Kathleen T. Mang, librarian for the Rosenwald
Collection, for her guidance, patience, and general indulgence, and Clark
W. Evans, senior reference librarian, Rare Book and Special Collections
Division, whose reference help was always forthcoming and dependable.

THE TRADITION OF SCIENCE
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The final note of appreciation goes to Brenda W. Presbury, who typed
nearly the entire manuscript, and to Linda W. Carpenter, who not only
helped with the typing but with the proofreading as well.

At this point, most authors usually murmer mea culpa i advance—
taking responsibility for all errors in fact and judgment that the attentive
reader will no doubt find. This is all the more necessary in my case. Since |
enjoyed full autonomy not only in deciding which books to include or
omit and in what I wrote about each one but in the selection of illustra-
tions as well, I am especially deserving of the two-edged sword of author-
ial responsibility. I hope, however, that whatever the shortcomings of this
one-man approach, they are more than balanced by the unity derived from
the continuity of personal selection and interpretation.

PREFACE
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Introduction

That we can learn from the past 1s no less true for science than for any
other field. Any real understanding of where we stand scientifically today
and where we are headed depends to a great extent on an awareness of
how we reached those scientific 1sights. The increasing impact of science
and technology on our lives makes such an understanding even more
important.

The origins of science and its historical development and advancement
are fraught with all the contradictions, complexities, frustrations, suc-
cesses, and failures that accompany any human endeavor. As with any
good story, the history of science has a very real and fascinating tale to
tell—beginning with how man came to be able to identify, distinguish, and
eventually predict the true effect of a particular cause. Early man probably
did not see the slightest connection between the simplest and most obvious
natural events. Did a succession of overcast days mean that the sun had
gone away forever? Through a repeated set of what might be called
experiments, or at least observations, he eventually concluded with a great
degree of certitude that indeed the sun would rise every day. This very
natural process of gaining experience about the physical world—simply
standing and watching the same thing happen over and over—provided
our early ancestors with a modest degree of usable, predictable knowledge.
Such realizations marked the primitive beginnings of the scientific method.

The natural curiosity of our species seems almost to guarantee that
method’s success, for man is constantly asking the question, “What would
happen if I do this?”” and then usually acting upon his native curiosity. The
major external curb to this basic inquisitiveness about the world we live in
has usually occurred when a rigid, all-encompassing authoritarian teleol-
ogy offers otherworldly explanations for natural events or regards the
investigation of all natural phenomena as useiess or even wrong. Such was
the mind-set during medieval times. But even during those most unappeal-
ing of times, some science was being done.

The unique intellectual gift of mankind is our ability to learn from the
experience of others, to be able to accept and to use the cumulative
wisdom of our predecessors without having to actually experience what
they did. Each new generation can benefit from the work and experience
of its predecessor to the degree that each participates actively in a real
tradition of science. No less an original thinker than Isaac Newton ac-
knowledged this tradition when he said, “If I have seen further than other
men, it is because I stood on the shoulders of giants.” The tradition of
science can be understood to mean the successive transmission of knowl-
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The frontispiece to Francis Bacon’s magnum
opus shows a representation of the Strait of
Gibraltar flanked by the mythical Pillars of Her-
cules past which, before Columbus’s journey,
there was traditionally believed to be nothing.
Here Bacon’s ship embarks on a voyage past
these same pillars, beyond which, Bacon seems
to be saying, lies all manner of discovery. In-
stauratio magna, 1620. Franas Bacon.
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edge, but 1t also has particular denotations, such as an established way of
doing things, an inherited body of principles, standards, and practices, a
developmental and historical continuity, or the force exerted by the past
on the present. The central reality of the tradition of science links them all:
every aspect of scientific knowledge 1s interrelated and contributes to an
essential unity.

The division of science into categories, disciplines, or branches 1s a
necessary but nonetheless arbitrary device. The following chapters, which
separately discuss the history of each discipline, reflect this general or
traditional method of scientific classification and make no mention of the
subtle vaniations and specializations that exist in today’s science. Each
major work discussed in these chapters marks a high point of understand-
ing for a particular discipline. All of these works are represented in the
collections of the Library of Congress, most in their original editions. The
collections have been enriched with such treasures sometimes by the dona-
tion of entire personal libraries and other times by the purchase of certain
specific items or collections. Great works of science are not found only in
book form, and the Library has manuscripts, papers, and letters of great
significance as well as important maps and photographs. But overall, the
Library’s great strength 1n science is its unique book and scientific journal
collections. This survey therefore will focus mainly on the book n all its
variations.

Each of the scientific works that is discussed in the following chapters 1s
a landmark of human achievement. Each 1s a moment of intellectual magic
captured on paper. Whether they be works of insight and genius or woixs
of diligence and perseverence, these are works of man at his best—in a
sense at his most human. Doing science—discovering nature—is so dis-
tinctly human an actvity that one is tempted to stretch Descartes’s famous
rationalist maxim “‘Je pense donc je suis” to read, “I seek to know,
therefore 1 am human.”

Behind each of these great works 1s a person, but more important is the
essential humamity underlying almost all of them. Newton’s Principia and
a few other forbiddingly complex works aside, many of these landmarks of
science become, upon translation, quite understandable to the nonscientist.
The wit and natural writing ability of Galileo and the simple directness of
Charles Lyell make this point. One has only to browse Darwin’s Origin of
Spectes to marvel at how approachable a work of real genius can be. And
Francis Bacon’s Novum organum has an enthusiasm that would nspire
young scientists of today. These and all the works discussed here are at the
vanguard of the intellectual heritage of the West. As such, it would be easy
to treat them as secular tablets handed down by a scientific Moses—their
principles our commandments, their formulators our priests. Such rever-
ence would prove as counterproductive as the opposite extreme—to regard
these works as in themselves responsible for all of society’s ills. Neither
extreme provides the kind of sensible respect that these works of man for
man ought to engender. Each symbolizes a signpost in the never-ending
maze of nature. Each offers a significant piece of the infinite puzzle of the
COSMOS.

THE TRADITION OF SCIENCE
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Among these puzzle pieces—each a primary source in the history of
science—intriguing contrasts often appear. These works vary greatly in
how long 1t took to produce them, how soon their inherent worth was
recognized, the effect they had on the author’s life, and what the scientific
nature of the works themselves was. Some are the result of years of
concentration, dedication, and hard work. Agricola labored for twenty
years to produce one work, the De re metallica. William Smuth spent a
lifetime literally walking over every inch of England as he mapped 1t
geologically. John Flamsteed’s life was dedicated to cour:ing the stars, and
the number of autopsies Morgagni performed was exceeded only by the
number of pounds of pitchblende Madame Curie and her husband, Pierre,
refined. In contrast to these works of scientific accretion are the thunder-
bolts of scientific illumination experienced by the likes of Newton and
Einstein. Their well-known laws and theories were formulated during a
relatively short burst of creative energy and were the product of real
inspiration. Such insights into nature are obviously rare 1d spectacular. A
curious combination of long, hard work and inspiration are found 1n the
case of Charles Darwin, who seemingly spent years in preparation for his
special moment of insight—ratifying Pasteur’s comment about “the pre-
pared mind.”

As to the recognition of the significance of a work at the time of its
appearance, some met with instant acceptance while others were dismissed
outright as worthless. The great human anatomist Andreas Vesalus saw
his pioneering work arouse such stnident opposition that he quit research
altogether. And yet his work, De humani corporis fabrica, contained some
of the most startlingly accurate drawings of the human body ever made. It
is Isaac Newton who provides the ultimate example of the contemporary
recognition of a work’s content. His Principia may also be the best
example of the least understood but most accepted scientific work 1n
history. Possibly because Newton’s awesome intellect was already ac-
knowledged, the recognition of his 1687 work was a foregone conclusion.
Nonetheless, nature’s laws became Newton’s laws. Surprisingly, there werc
also a good number of pioneering works that remained totally unknown 1n
their time, offering their contemporaries no chance to judge. The melan-
cholic Dutch naturalist Jan Swammerdam is today regarded as the founder
of modern entomology, yet his research was never published during his
lifetime. It was not until his work was discovered by Hermann Boerhaave
over fifty years later that his discoveries became known. Two hundred
years later, the abbot of a monastery in Bohemia, Gregor Mendel, discov-
ered the laws of hereditary characteristics and published his work in an
obscure Bohemian journal, only to have his efforts go unnoticed. The
world waited another generation until Hugo DeVries retraced the monk’s
footsteps. It is to DeVries’s credit that he not only unearthed Mendel’s
long-neglected work (subsequent to his own independent discovery) but
offered his own work as a confirmation of Mendel’s.

Also unpredictable is the manner in which a work may have affected 1ts
author’s personal life and fortunes. Many successful scientists were drawn
or summoned to a monarch’s court and expenenced the hazards and
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headiness that attend proximity to power. Unable to withstand the winter
regimen of instructing Queen Christina in philosophy three times a week
at § A.M., René Descartes finally died at the Swedish court. The prodi-
giously talented and energetic Leibniz, on the other hand, flourished at the
Prussian court and served it for forty years in nearly every imaginable
capacity. The undoing of Francis Bacon was related to his court duties, but
the prolific mathematician Leonhard Euler prospered with such duties.
Euler spent nearly his entire working life serving two royal courts—of
Catherine I and Catherine the Great at St. Petersburg and Frederick the
Great at B¢ rlin—and did everything from planning a national canal net-
work in Berlin to supervising the Russian system of weights and measures
in addition to his creative mathematical work. The prestige and renown
that being a great authority bestows was lavished upon Cuvier and Lin-
naeus during their lifetimes and both men surely relished their authorita-
tive roles. Conversely, all his life Anton van Leeuwenhoek held the sine-
cure of janitor at the Delft City Hall, despite having become world famous
for his microscopial discoveries. Both the queen of England and Tsar Peter
the Great came to visit this modest amateur scientist, who managed his
fame by simply ignoring it and going about his business. Some individuals
prospered financially from their discoveries or inventions. Others were not
as fortunate and despite dedication and hard work, ended life as poor as
they began it. William Smith spent all his slender earnings and more to
produce his great geological map of England. Eventually he lost both his
house and his rare collection of fossils and was financially ruined. Others
paid a simiiar price to science. Claude Bernard’s family life was ruined by
his wife’s revulsion at his animal experirients, and many a chemist short-
ened his life by sampling new compounds.

In sum, men and women of science have enjoyed and endured the same
pain and happiness, failure and success, and doubts and hopes that im-
press themselves on the lives of everyone. One who experienced both the
pleasure of accomplishment and fame and the despair of rejection in the
same long lifetime was Galileo. The heights of his intellectual 2chievements
were exceeded only by the breadth of his fame. Yet as a mar of nearly
seventy years, he was humiliated by the Inquisition and forced to recant
the essence of his scientific work. Surely few have experienced such ex-
tremes.

Another interesting contrast lies in the scientific nature of the works
themselves. Most of the works discussed here have significantly enlarged
the body of knowledge in a particular field. Only a few did something
more for science, and these are generally described as “revolutionary”
works. Such works mark scientific turning points—they redefine our scien-
tific reality—yet they are not all alike. Some are revolutionary in effect and
consequence rather than content. Some explode into controversy from the
moment of publication; others are quietly released and slowly percolate
until they become part of the accepted wisdom. Some unify and some
refract. Some reassure us and some sow doubt. The De revolutionibus of
Copernicus, a book recognized as marking the birth date of modern
science, caused no real stir after its publication in 1543. Although the
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European scientfic intelligentsia became well acquainted with the book
and its premuse of heliocentrism, nearly a century passed before Galileo
openly touted its ideas, only to discover that he had miscalculated the
liberality of his own times. Given that Copernicus offered an idea that
overturned everything mankind thought it was sure of, the actual and
immediate effect was inconsequential. It was an idea which grew increas-
ingly powerful over time.

In sharp distinction was the instantaneous uproar and debate that fol-
lowed publication of Darwin’s On the Orngin of Species and resulted in
essentially new concepts of how nature worked and what the place of man
was in the natural order of things. Einstein’s relativity theories had this
same wrenching effect. These two shocking, unsettling, and provocative
ideas probably had their impact heightened considerably by occurring in
modern times.

One of the best examples of a revolutionary scientific 1dea that had the
oprosite effect is the synthetic, almost consoling theory of Maxwell’s
electromagnetism. Maxwell was able to prove mathematically Faraday’s
great intuitive idea, that light is an electromagnetic phenomenon. This
brought about a productive unification of three main fields of physics—
electricity, magnetism, and light. The irony of Maxwell’s centrifugal ac-
complishments, however, is that they led to the Michelson-Morley experi-
ments, which in turn set the stage for the shattering centripetal discoveries
of Einstein. So it is with the expanding universe of scientific knowledge 1n
which, it appears, answers lead always to more questions.

A survey of these and other major works of science provokes random
thoughts and observations concerning both the individuals and the proc-
esses of science. One of the most curious is the startlingly high number of
very prolific and creative “old men”—that is, individuals whose scientific
contributions were made at a relatively advanced age. The most obvious
and celebrated is perhaps Galileo, whose Dialogo was published when he
was sixty-eight years old. Seemingly broken by the Inquisition, Galileo
then produced, at seventy-four, what is now considered his greatest work,
Discors: e dimostrazioni matematiche. Anton van Leeuwenhoek continued
his microscopial discoveries until he died in his ninety-first year, and Jean
Lamarck, who founded modern invertebrate zoology, did not even begin
his serious natural history studies until he was fifty. Giovanni Morgagni,
the founder of pathology as a major branch of medicine, achieved the
neight of his fame in his eightieth year with the publication of his De
sedibus et causis morborum. Only then did the great anatomist feel he had
done a sufficient number of dissections to link the manifestation of a
disease with a certain anatomical change. No doubt these anecdotes can be
balanced by a similar litany of those whose best work came in their very
early years, but they nonetheless cause one to at least question the modern
conceit that creative science can only be done by the young.

A corollary to this is the obvious and almost total absence of women in
the history of science. Despite the well-known exceptions, scientific activity
has until fairly recently been virtually a male concern. The now-familiar
statement, ‘“‘of all the scientists who ever lived, 90 percent are alive today,”
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might be even more appropriately applied to women scientists.

The extreme and often sincere religiousness of many a great scientist
should also put in doubt our contemporary 1dea that science and religion
have always been at odds. Given the undeniably significant role religion
has played in mankind’s history, there ought to be little surprise when it
plays a similar part in the 'ife of an individual—albeit a scientist. Thus
Isaac Newton spent what might be considered an inordinate part of his life
writing about matters of theology, and Christiaan Huygens dabbled in a
sort of mysticism. Blaise Pascal became so obsessed with religion that he
put all science out of his life forever. Even that skeptical chemist Robert
Boyle carried an extremely devout form of Christianity with him through-
out his life. Some scientists tried to keep separate their science and religion
and some sought reconciliation; others saw no conflict. In the end, the
significant role of religion in the history of science serves to underscore the
idea that although science is primarily an intellectual activity, it is carried
out by individuals and is therefore subject to the various influences and
forces that affect the individual. On a conceptual level, this may in part
explain why metaphorical thinking has always been such a useful tool for
the scientist. Creative analogies taken from almost any aspect of our
culture have played a significant role in the history of science. Darwin
described the moment when his thoughts coalesced into a theory of natural
selection—he was reading Thomas Malthus’s Essay on the Principle of
Population. Later, Darwin’s own theories of survival of the fittest made

the cultural leap the other way, offering a “scientific”’ rationale for laissez-
faire economics.

Two final observations must be made about the nature of science—
observations which we often forget or overlook, especially when writing
such a book as this. The first has to do with the nability of science to be
truly objective. Modern evidence of this abounds, from Planck’s quantum
theory, which posits the disturbing effect of observation, to Heisenberg’s
uncertainty principle and its mathematical counterpart, Gédel’s “proof.”
Albert Einstein recognized the subjective aspect of science when he said,
“It is the theory that decides what we can observe.” His revealing state-
ment testifies to the fact that each of us imposes our own set of prefer-
¢ ¢s and preconceptions on the natural world. No scientist begins work
without some assumptions or working hypotheses. In this regard, the
words of William James apply in a general way:

Pretend what we may, the whole man within us is at work when we form our
philosophical opinions. Intellect, will, taste, and passion co-operate just as they
do n practical affairs. . . . It is almost incredible that men who are themselves
working philosophers should pretend that any philosophy can be, or ever has
been, constructed without the help of personal preference, belief, or

divination. . .. every philosopher, or man of science either, whose initiative
counts for anything in the evolution of thought, has taken his stand on a sort of
dumb conviction that the truth must lie in one direction rather than another.

It is part of the beautiful uniqueness of science, however, that its
traditional methods provide boundaries to circumscribe these natural hu-
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man tendencies. We may therefore speculate as wildly and investigate as 7

creatively as we can, always secure that the self-correcting criterion of
demonstrable fact and experimental evidence will not let us stray too far
from the straight and true.

The second observation reminds us of the insufficiency of science to the
whole human person. Although earlier I took license with Descartes,
stretching his maxim to the point of saying “I seek to know, therefore I
am human,” such a statement overemphasizes a single dimension. If men
seek truth, they also seek beauty—and love and justice and all of the so-
called universals. Science alone is insufficient because 1t serves to nourish
only one part of us—albeit a large part. On this thought George Sarton
has the last word.

Science 1s not distnct from religion or art in being more or less human than
they are, but simply because it 1s the fruit of different needs or tendencies.
Religions exist because men are hungry for goodness, for justice, for mercy; the
arts exist because men are hungry for beauty; the sciences exist because men are
hungry for truth.

The following sketch of the general course of scientific development is
offered with no specific discipline in mind. Its purpose is to provide a brief
framework within which the later, individual chapters may fit. Such a
general sketch also provides an opportunity to discuss individuals, organi-
zations, themes, or specific books that cut across a wide range of topics
and scientific disciplines.

As with any human activity, science is affected by the economic, pohti-
cal, religious, and overall cultural climate of its times. Evidence of how
science can flourish in propitious times is offered first by the Greek
experience. During the golden age of Greek science, the fifth and fourth
centuries before Christ, the great Greek philosophers established the ele-
ments of nearly all the basic disciplines. Even with the political changes
that occurred and the emergence of an altered culture called the Hellenistic
Age, Greek science continued apace. It is sigr.aficant to note that the golden
age of Greek science was similarly golden for Greek art and literature. The
rise of Rome signaled the real decline of Greek science, although what
could be called Roman science was done primarily by Greeks. With
Rome’s decline and the subsequent Moslem conquest of a great part of the
Mediterranean world, the scientific centers as well as actual libraries
shifted eastward.

As Western science became increasingly distant from its origins, the
break with the past became nearly complete, causing first a standstill and
then only a retrograde movement. After the Germanic invaders had done
their work, little of the ancient knowledge remained in the West. It was
left to the likes of the Latin encyclopedists to preserve what remained.

Here Isidore of Seville reflects the simphaty of
medieval geographical thinking by depicting the

None of these scribes was original, and each was basically a compiler, but earth as a wheel encircled by the ocean. Etymo-
given the paucity of any sort of organized knowledge, their works re- lograe, 1472, Isidore of Seville.
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mained influential throughout early medieval times. Three of the most
popular were Boethius, who flourished from 480 to 524 and whose man-
ual on mathematics and logic, De mnstitutione arithmetica, became a stand-
ard medieval text along with his De consolatione philosophiae; Isidore of
Seville (560—636), whose Etymologiae was enormously influential; and the
Venerable Bede (673~735), whose De rerum natura reflected largely deriv-
ative cosmological ideas. During early medieval times, these works were
the best the West could produce, and their main contribution was preserv-
ing what science had survived, not contributing anything original. With the
invention of typography, their works went from manuscript to book form
and all three writers are represented in the Library’s collections.

During this time, Arabic and Persian schools, having translated every
Greek author available, were beginning to go beyond those texts to make
contributions of their own. From A.p. 800 to 1100, Arabic learning was in
its prime, and its international culture spread from Spain to India. But as
the empire began to disintegrate and the provinces reasserted themselves
culturally and politically, it was in Spain that the medieval West rediscov-
ered its lost scientific legacy. More than most occupied regions, Spain had
undergone a remarkable and distinct change as the centuries of cross-
fertilization of Muslim, Jewish, and Christian cultures took hold. The
Spain that was slowly retaken from the invaders had changed profoundly
over the centuries, and when the West finally reclaimed its lost sister it
also embraced her Eastern progeny. Western scholars and intellectuals
were stimulated equally by the great store of Greek-Arab learning left
behind in schools and libraries and by the Arab habit of a tolerance of
thought. Thus by the middle of the twelfth century, Western scholars
already were translating into Latin, the common language of the West, the
Arab versions of the Greek manuscripts. In the span of an additional
generation, the most significant works had been translated—sometimes
badly, but nonetheless producing a treasure-house of new wisdom. No
individual more aptly symbolizes this twelfth-century phenomenon than
does Gerard of Cremona. It was he who, in less than thirty years time,
translated over seventy works into Latin—among them many of the core
works of Aristotle, Euclid, Archimedes, Ptolemy, Galen, and the Persian
Rhazes. Among other famous and prolific translators, Adelard of Bath and
the much later William of Moerbecke certainly deserve mention. The
significance of what happened at Toledo cannot be overemphasized, for
seemingly overnight the lamp of knowledge was relighted for the West.
The sound Greek foundation of modern science was unearthed nearly
intact, preserved by its Arab caretakers, and upon that, construction began
on the edifice of science.

This transitional period was marked too by flaws and mistakes. Some
translations were so literal as to be almost useless. Some were done
haphazardly, and others were deliberately and selectively edited. Still, the
intellectual upshot of the entire movement was so overwhelmingly benefi-
cial to the West that these and all other qualifiers do not really apply.
With the fall of Toledo in 1085, the chasm that had separated the West
from its cultural heritage was at once spanned and Europe was on the
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road to a revival of learning. One irony that becomes apparent through
hindsight is that Spain, whose sanguinary and successful ““‘reconquista”
may be said to have fertilized the roots of modern science, never came to
know its intellectual pleasures or practical advantages. Sadly, its extreme
authoritarianism and asceticism stifled any scientific advance in Spain.

These two extremes may be said to characterize the medieval mind-set
and its general approach both to nature and to the place of mankind in
the natural world. Although such a mind-set persisted longer in Spain, it
eventually gave way in much of Europe. Its demise was essential to the
growth of modern science, for as the Spanish experience would subse-
quently instruct, science cannot prosper in an atmosphere dominated by
the theological and the moral. The medieval mind was a strange mixture
of hardy pragmatism, manifested in impressive technical accomplishments,
with a dreamy, otherwordliners demonstrated by its obsession with reh-
gion and magic. A society thus given to symbolic and metaphorical think-
ing may be devout and romantic but not truly scientific.

How people view the natural world and seek to explain the universe
determines to a great extent the type of questions they ask, which in turn
largely affects the answers that are given. The medieval adaptation of
Platonism by the Church (principally by St. Augustine) and the pervasive-
ness of its transcendental world view, effectively forestalled any real pene-
trating questions about nature. Indeed, its indifference to the sensible
world and its rejection of things physical and sensual made medieval times
an era of almost quiet reflection. A pervasive sense of stoical acceptance is
hardly the atmosphere in which scientific inquiry thrives. Although knowl-
edge of the natural world was not entirely neglected during this time, 1t
was regarded as secondary knowledge at best and certainly not the type of
knowledge that by itself would lead to any actual illumination. Knowledge
of nature was sought primarily as a symbolic, although imperfect, reflec-
tion of a higher and truer reality. This nearly absolute theological domina-
tion of all of medieval life and thought began to weaken as the fabled light
came from the East. The exotic, worldly, and tolerant Arab ways made
reconquered Spain a shimmering temptress to the rest of Europe. Among
her many gifts, that of a new way of looking at the natural world might
have been her most precious offering.

This reorientation toward natural knowledge for its own sake was, by
today’s standards, an excruciatingly slow process, and its full flowering did
not occur until the seventeenth century. But the opening of the Eastern
window had, by the beginning of the thirteenth century, stimulated an
irrepressible intellectual yearming in the West. It soon became apparent
that the range of the existing monastic and cathedral schools was severely
limited, and the new “Universitas” arose to meet these new needs. In
Bologna, Paris, and Oxford, and finally in most of the major European
cities, there arose new, more secular schools of learning, although still run
mostly by churchmen. Science as we think of it today was certainly not on
the curricula of these great universities, dominated as they were by the
presence of theology at the top of the academic ladder, with the seven
liberal arts at the bottom. At the University of Paris, for instance, the
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curriculum consisted of theology, philosophy, law, and the liberal arts. The
liberal arts were divided into the “trivium,” consisting of grammar, rheto-
ric, and logic, and the “quadrivium,” made up of arithmetic, geography,
astronomy, and music. In fact, the University of Paris, which by 1210 had
replaced the famed School of Chartres as the center of learning in France,
actually banned in that very year the teaching of any of Aristotle’s scien-
tific writings. Perhaps nothing better symbolized the recovery of Greek
knowledge than did the works of Aristotle, and in a way this entire
Scholastic period of scientific history can be described as medieval man’s
attempts to reconcile the new learning—of Aristotle—with the old—reli-
gious dogma.

This condemnation in 1210 of Anistotle’s “natural philosophy”” has
become a minor historical footnote because of the Church’s later happy
reconcilation of Anstotelian thought with its own religious teachings. At
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Oxford, Robert Grossteste translated and commented upon a number of
Aristotle’s works. It was he who initiated the great scientific tradition at
Oxford and had as a pupil the legendary Roger Bacon. At Paris, Albertus
Magnus and his pupil Thomas Aquinas were mainly responsible for mak-
ing Aristotle palatable and finally complementary to religion. Indeed,
Aquinas did his work so well that his more rigid Scholastic followers
eventually held that there was no greater knowledge than that of Aristotle.

During this thirteenth-century revival of learning, the individual who
captured the essence of the new science and saw clearly its unlimited
potential was the great Franciscan thinker Roger Bacon. Like his teacher
Grossteste, Bacon belonged to the Franciscan order—unlike his contem-
poraries Albertus Magnus and Thomas Aquinas, who were Dominicans.
There were repeated and bitter controversies between the mendicant Fran-
ciscans and the studious Dominicans over Aristotelian philosophy, and the
unswervingly orthodox Dominicans later proved to be the ideal order to
carry out the purges of the Inquisition. Bacon was a Franciscan, however,
and was delightfully nonconformist. His approach to natural knowledge
anticipated his famous namesake of three hundred and fifty years later.
The medieval Bacon offered what might be the earliest and certainly the
clearest argument concerning the role of the experimental method. “Rea-
son does not suffice,” he said, “but experience does.”

Basically, Bacon argued with some vehemence that certainty in science
can come only by observation and experiment, for although reasoning
alone about the natural world can lead to conclusions, it does not verify
them. Ironically, Bacon’s typically medieval passion for alchemy coexisted
splendidly with his seemingly modern ideas. He is perhaps most famous
for his startlingly prophetic vision of the fruits of the scientific method.

Machines for navigation can be made without rowers so that the largest ships
on rivers or seas will be moved by a single man in charge with greater velocity
than if they were full of men. Also cars can be made so that without ammals
they will move with unbelievable rapidity. . . . Also flying machines can be
constructed so that a man sits in the mdst of the machine turning some engine
by which artificial wings are made to beat the air like a flying bird. . . . Also
machines can be made for walking in the sea and rivers, even to the bottom
without danger. . .. And such things can be made almost without limit, for
instance, bridges across rivers without piers or supports, and mechamisms, and
unheard of engines.

Such originality and insight were met first with suspicion and later with
imprisonment. And while Bacon’s writings were condemned, his contem-
porary Thomas Aquinas was sainted.

Ideas such as Bacon’s were the first ripple in what would become an
ineluctable wave of science. Among Bacon’s thirteenth-century kindred
spirits were the Spanish alchemist Arnold of Villanova and the French
scholar called Petrus Peregrinus, who experimented with magnetism. Dur-
ing the next century, such major establishment figures as William of
Ockham, Jean Buridan, and Nicole Oresme chipped away at that medieval
monolith, authority. All three supported the heretical “impetus theory”
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The press of Joducus Badius as represented in a woodcut used for his printer’s mark.
This is one of the earliest representations of the printer’s trade. Eprstolae, 1520.

Guillaume Budé.
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that opposed Thomistic, or Aristotelian, proofs for the existence of God.
The fact that the heavenly spheres were in motion proved only that an
original push had come from somewhere, not necessarily from God, they
argued. They also disputed the dogma that the angels continued to propel
these bodies on their course through the heavens. These ideas are not
important as religious heresy but rather as examples of complex notions
that began to search for the natural causes of natural phenomena. Some of
the scientific commentaries of these pre-Renaissance greats were printed
during the first century of mechanical printing but they are not part of the
Library’s collections.

During the fifteenth century, when the creative energy of the Renais-
sance was at its height, science began to benefit from the robust spirit of
free inquiry. The second half of the century is espeaially significant for
science, for it marks the births of Columbus, Leonardo, and the process of
typography. Columbus, though certainly no scientist, was to offer a very
real vision of new worlds and limitless horizons. Leonardo, the archetypal
Renaissance scientist and artist, was to offer a universal, almost premodern
approach to nature. And the invention of printing with movable type was
to offer the means to reproduce and to circulate on a large scale ideas and
information, both new and old. These and other forces, such as the
Reformation, served to make the sixteenth century a time of transition—
one in which traditional modes of thought were breaking down and being
replaced by new ones.

By the beginning of the sixteenth century, the business of printing books
had been an ongoing phenomenon for nearly fifty years and had produced
an estimated forty thousand titles or recorded editions of books totaling
somewhere between fifteen and twenty million individual copies. Much
that was printed came from the deeply medieval past, including many old
manuscript books. Certainly there were new and original scientific efforts,
but nothing to approach the volume of older knowledge. This disequilib-
rium between new and old was characteristic of the transitional sixteenth
century. It was a time of danger and of opportunity; a time when science
had not entirely found its way; a time of confusion resulting from the
push-pull of the old and the new. Compared to the spectacularly assured
and successful scientific revolution of the seventeenth century, with its
impressive list of individual accomplishments, the sixteenth century pro-
duced a decidedly modest number of major scientific works. That century’s
pioneers of science—Paracelsus, Copernicus, Vesalius, Fuchs, Cardano,
Gesner, Agricola, and Brahe—were sufficiently small in number to fit
comfortably in any room, whereas those of the next century would have
required an auditorium. Nonetheless, in the quality of their revolutionary
thought, the likes of a Copernicus or a Vesaluis was the match for nearly
all of their successors. Indeed, most agree that the one work most repre-
sentative of the coming scientific revolution, both actually and symboli-
cally, is the De revolutionibus of Copernicus, published in 1543, the year
of his death.

In the first year of the historic seventeenth century, two starkly contrast-
ing and portentous events occurred. In Rome an uncompromising heretic
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bespeak the essence of the Copermican 1dea. Asso u ™ xmaun
Stating that the sun and not the earth was at the

center of our universe, Copernicus argued from

common sense: “‘For who could set this lumi-

nary inanother or better place 1n this most

glorious temple, than whence he can at one and

the same time brighten the whole?” De revolu-

tionibus orbum coelestium, 1543. Nicolaus

Copernicus.

The symmetry and simplicity of this title page Notiadberge apudloh, Patrelum,
was burned to death in a sadly spectacular show of institutional force, 1
while in London a book was quietly published. The heretic was Giordano |
Bruno, a wandering visionary more philosopher than scientist, though he |
has been characterized by many as a martyr to science. The published |
book was William Gilbert’s De magnete, a treatise as remarkable for its
virtual omission of any reference to God or theology as for its dedication
to the experimental method. No two individuals could have been more
different in background, temperament, or social position than were Bruno
and Gilbert, yet both shared the spirit of the coming scientific revolution.
Bruno lived and taught his ideals, always laboring in the fields of philoso-
phy, or what might today be called theory. Gilbert was very much the man
of action and experiment whose trust was placed in the world of the
senses. Bruno was an apostate monk, part genius and part magician,

|
\
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whose animist religious views caused his hasty departure from ten cities in
ten years. His was a uniquely inflammatory presence that managed to
alienats not only the Catholic establishments of France and Italy but their
Lutheran and Calvinist counterparts as well. His significance to science 1s
found in his incautious espousal of the heliocentrism of Copernicus and his
quite serious concepts of infinite space and the existence of other worlds.
William Gilbert seems a milder type, as anyone would compared to
Bruno, and he was a respected member of the Royal College of Physicians.
Shortly before his death, he became Queen Elizabeth’s personal physician.
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Gilbert’s work was an influence and an inspira-
tion to seventeenth-century scientists—espe-
cially so to Gahleo. Gilbert offered the coming
generation both an empirical and a theoretical
paradigm. His systematic approach of repeated
expenment and observation showed off the
emerging scientific method at its best, and his
inductive translation of these findings into a
magnetic theory of the earth demonstrated the

power of an orgamizing 1dea. De magnete, 1600.

Witham Gilbert.
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In 1559 William Cuningham, a contemporary of
Giordano Bruno, published under the patronage
of Queen Elizabeth The Cosmographical Glasse.
Thus illustration from that work shows the Pto-
lemaic conception of a finite universe—a tidy
idea that had no place for Bruno's notions of
other worlds and infinite space. In this picture,
Atlas, dressed like an ancient king, holds the
earth-centered umiverse on his shoulders. The
Cosmographical Glasse, 1559. William Cun-

ingham.

His famous work, De magnete, aside from its substantive scientific contri-
butions, stands as cne of the first works of science based on the modern
methods of research and experiment.

The distinguished Gilbert and the “insufferant” Bruno are linked by
more than the happenstance of chronology. The two men certainly knew
of each other and may even have met. Bruno spent his most productive
years in England, 1583-85, under the ambassadorial sponsorship and
protection of the French embassy. He was a worldly man who had met
with popes and kings alike and while in England accompanied the ambas-
sador to Queen Elizabeth’s court. By 1583, Gilbert had been a member of
the Royal College of Physicians for two years and was well on his way to
becoming one of the most prominent men of Elizabethan science. Each of
the two men in his own way was a harbinger of the new century’s
scientific spirit. Each struggled against the authority of traditional learning,
which Bruno called “the three headed hellhound of Aristotle, Ptolemy, and
dogma” and which Gilbert said produced “oceans of books whereby the
minds of the studious are bemuddled and vexed.” Through hindsight, we
see that both men were revolutionaries. Bruno preached the idea of a
scientific revolution and Gilbert showed the way to achieve it. Gilbert died
a natural death and was honored both in life and death, but Bruno spent
the last eight years of his life in a Roman prison before being burned alive
on the Campo de’ Fiori in Rome as a dangerous and unrepentant heretic.
His religious heresies were indeed severe and extreme and it was probably
for being a magician that he was silenced—his heliocentrism and ideas of
infinity only making matters worse for him. But it was exactly those
radical ideas that, when linked to Gilbert’s empiricism, would serve to
guide European science out of the closed maze of medieval times into an
open vista of scientific adventure and learning. The two men are the ideal
figures of transition.

The first decade of the seventeenth century was notable for other auspi-
cious beginnings. Sometime between 1601 and 1603 a society was formed
in Rome—the Accademia dei Lincei—that became the principal forerunner
of the first true scientific society. This academy had its own forerunner in
the Accademia Secretorum Naturae, founded in Naples in 1560 by the
physician Giambattista della Porta. Called an “academy of curious men,”
it met at Della Porta’s home for scientific discussion and experimentation.
It was soon closed by the pope on suspicion that its members were
meddling with the black arts. The Academy of the Lynx had as its primary
purpose the scientific study of nature conducted by members who were
linked through a bond of brotherhood. Its early history was irregular, and
it was closed on suspicion of poisoning and incantation. But in 1609 it
was successfully reorganized and numbered among its loyal members both
Galileo and Della Porta. The academy never really flourished, however,
and when the death of its founder, Duke Federico Cesi, was followed by
the official condemnation of Galileo in 1633, the society lost both its
patron and its members. Some of the pride and loyalty felt by its members
were demonstrated by Galileo who, on the title page of both his Dialogo
and Discorsi, called himself “Galileo Galiler Linceo.”
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The title page of Galilleo’s most famous work

identifies him proudly as “Galileo Gahler Lin-
ceo,” a member of the Academy of the Lynx.

Duialogo, 1632. Galileo Galiler.

The experimental spirit of Galileo connects the failed Lyncean Academy
to what is regarded as the first organized scientific society, the Accademia
del Cimento. This Academy of Experiment was founded at Florence in
1657 by Galileo’s most famous pupils, Evangelista Torricelli and Vincenzo
Viviani, who garnered the patronage and protection of the Medici broth-
ers, the Grand Duke Ferdinand II and Leopold. Besides these two former
pupils of Galileo, the best known names on the academy’s rolls were
Giovanni Borelli and the Dane Nicolaus Steno. For ten years, these and
other scientists labored methodically to live up to the academy’s purposive
name. They worked together at experimentation of all sorts and eschewed
speculative thinking. Together they worked out new research methods,
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invented new instruments, and devised better standards of measurement.
The results of this uniquely cooperative experimental venture were summa-
rized in a publication, Sagg: di naturalt esperienze fatte nell’ Accademia del
cimento, published in Florence in 1666. The Library of Congress has in its
collections this original edition as well as those published 1n 1667 and
1691. The elegant folio was an expensive book to produce and contained
many precisely engraved plates depicting the instruments used in the ex-
periments. Its overall focus was that of experimental physics, and when
finally translated into Latin in 1731, it became the “laboratory manual” of
the eighteenth century. Many regard this collaborative work as the begin-
ning of modern physics. The academy was discontinued 1n 1667 and many
believe that with its termination, Italian leadership in physics came to an
end.

Unlike the short-lived Academy of Experiment, the Royal Society or
London endures to this day. Incorporated formally 1n 1662 by charter of
Charles I, the society had its origins in the informal associations and
meetings of devotees of the new expenmental science. Meeting almost
weekly from 1645, the group discussed a wide range of topics, with
politics and theology deliberately excluded from consideration. Although
devoted to the experimental method, as was the Accademia del Cimento,
the Royal Society had three significantly different characteristics. First, it
was a inore open, almost egalitarian society, for, despite its affiliation with
the Crown, 1ts existence was not contingent on the vagaries of political
fortune. Second, its members proceeded with their work in a much more
individual manner, unlike the cooperative, almost anonymous work of the
Italian academy. Third, the society endeavored not only to communicate
the results of its work to all of Europe by letter but to be receptive to non-
English work.

Four years after the Royal Society was formally incorporated, a corre-
sponding French institution was established. Founded by Louis XIV in
1666, the Académie des Sciences burst upon the scientific scene in a
spectacularly grand manner. Unlike the informal, individualistic Royal
Society, which was in constant financial trouble, the French academy was
created as an actual institution of the government, both benefiting and
suffering from all that affihation implied. Thus, its members received fixed
pensions and enjoyed the best of experimental facilities, and they labored
together as state employees—members of a bureaucracy. The trade-off of
some freedom for security could be regarded as worthwhile in this in-
stance, since the patronage of Louis XIV offered many a scientist—like
Huygens—the luxury of not having to pause from his researches to worry
about earning a living.

The basic soundness of these British and French models of scientific
academies was demonstrated not only by their own longevity and produc-
tivity but by how often they were imitated. Beginning with the Akademie
der Wissenschaften in Berlin in 1700, the formation of other national
scientific academies was usually patterned after one or the other. Both in
spirit and in deed, they all reflected the exuberance and the sobriety of the
new experimental science. The academies were a tangible example of the
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unifying power of truth and the recognition that science and 1ts secrets
belonged to no one individual—that at the core of the new science was
one social imperative, to communicate one’s knowledge to another. The
scientific academies that first grew up in the seventeenth century came to
be, in part at least, because of the failure of other institutions—mainly the
universities. Ironically, the same universities that in medieval times had
been so progressive had become scientifically sterile, dedicated as they were
to dogma. Learned men needed to talk with others, to exchange 1deas and
methodology, to sound out their fellows on their theories, and to compare
notes—it has always been so.

An awareness of a sort of international community of science became
increasingly apparent in the role played by the famous “postman of
Europe,” Marin Mersenne. This priest who seldom left his monastery in
Paris became the living center of an informal network of European intel-
lectuals. As a former pupil and close friend of Descartes, he was very well
connected and either met or corresponded with all the scientific savants of

his time. Mersenne died in 1648 and in his own way was a precursor of LE
the great scientific academies. The academies that sprang up during the
> o e D e JOURNAL
seventeenth century were characteristic of an enthusiastic, self-aware, and
.. . . "
at times visionary new age of science, one whose voice would grow DES

significantly louder. ., ] b R

It was the academies that transformed the voice of science into the word S C A Vr :‘A NS ,
of science, for they stimulated the creation of the first scientific journals. 3 .

The periodical appearance of a journal to publicize the work of these Del'’An M. DC. LXV.
groups was a logical outcome of the attitude and approach that gave rise o

to the academies themselves. Thus at the very beginnings of real organized Par-le ur

scientific effort, it was obvious to its practitioners how important reliable DE HEQOC}VILLE,
information was. The first independent scientific periodical was the Journal ~

des scavans founded in Paris by Denis de Sallo. Its first number appeared
on January §, 1665, shortly before the French academy was officially
created. The journal was suppressed on March 30, 1665, as a result of
Jesuit criticism but it resumed publication the next year and became a
widely popular and successful journal, of which the Library of Congress
has a nearly complete set of the Amsterdam edition.

Two months after the first issue of Journal des scavans appeared, the
Royal Society endorsed its central concept by issuing its own journal,
Philosopbhical Transactions, on March 6, 1665. Although affiliated with
the Royal Society, the publication itself was actually the private property
of Henry Oldenburg, the society’s secretary, and it was not until sometime
in the middle of the eighteenth century that the society officially embraced

- A AMSTERDAM,

Chez P1tRRY 1E GRAND.
M. RC. LXXXV.

it. Although the publication date of Philosophic ! Transactions follows N

that of the Journal des scavans, the former may be said to be the genuine

inventor of the journal as a means of disseminating new scientific informa-  Journal des scavans was the first independent
tion. In this regard, the French model concentrated more on reviews and scientific periodical. From the beginning of its

publication in Paris, January §, 1665, an edition
was also published in Amsterdam and appeared
at the same intervals. The Library of Congress

appealed to a wider audience, whereas the British version offered for the
most part serious (and signed) articles of substance, usually detailing a new

scientific observation or theory. The creation of several other scientfic has the Amsterdam edition. Journal des s¢avans,
journals followed shortly after 1665, with either the French or British 16651756, 1764-69.
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version serving as the model. One of the more significant journals was the
German Acta eruditorum first published in Leipzig in 1682. The Library
does not have the early years of this journal but does have nearly 320
years worth of the Royal Society’s monthly publications 1n its collections.

The emergence of scientific academies and the success of the regular
scientific journal as the standard mode and instrument of scientific com-
munication are perhaps the clearest illustrations of the institutionalization
of science so characteristic of the late seventeenth and eighteenth centuries.
Through their meetings and journals, prizes and medals, the scientific
academies contributed at least as much to the spirit of the scientific
revolution as to its substance. Science was becoming a successful, vital,
and, equally important, acceptable field. Modern science was beginning to
emerge, and its practitioners were evolving quickly from philosophers to
scientists. This seventeenth century breakaway from the traditiors of the
past was the direct result of the enthusiastic embrace of the experimental
method propounded and prophesied by Francis Bacon at the beginning of
this incredible century.

Francis Bacon has been called by one twentieth-century scientist the
“father figure of western science,” and it is Bacon who links the members
and founders of the great scientific academies and journals to the next
century’s encyclopedists. Indeed, Bacon’s philosophy connected the simple
empirical stirrings of the medievalists to the haughty extremes of the Age
of Reason. Not that Bacon was moderate in his espousal of the scientific
method, however. No man who boasted that ““I have taken all knowledge
to be my province,” and who proposed ““the enlarging of the bounds of
Human Empire, to the effecting of all things possible,” can be described in
terms of moderation. Bacon came from a very prominent famly. His
father, Sir Nicholas Bacon, was lord keeper of the great seal. Francis was
well educated and rose through the courts of Elizabeth and James I to the
position of lord chancellor and then viscount of St. Albans. His character
has been described by some as mean and obsequious, and a conviction of
bribe-taking eventually ended his career. But Bacon’s importance to science
transcends any personality traits, for it was he more than any other
individual who both understood the revolutionary essence of the “new
science” and became its articulate spokesman and popularizer.

Bacon began his work with the assumption that scholastic philosophy,
with its Aristotelian emphasis on final causes, was a complete failure. Since
the Greeks, no real progress in understanding nature had been made, he
said, and he dismissed contemptuously the authority of the Scholastics.
Science, he argued, must be based not upon authority but upon observa-
tion and experiment. Bacon was acutely aware that a new era was about
to dawn, and the titles he chose for his works exemplify this consciousness
(Novum organu,n means “new tool or instrument” and New Atlantis is
self-explanatory). His magnum opus, Instauratio magna, has perhaps the
most obviously deliberate message, meaning literally the “great restoration
after decay.” That Bacon’s understanding of the scientific method was
overly simplistic and over-ambitious is not surprising, since he was no
scientist himself. Yet his dogged nsistence that only by adhering to the
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inductive method would science ever amount to anything gave to a new
generation of seventeenth-century scientists the requisite enthusiasm and
vision to persevere. Bacon was by no means the originator of the inductive
method by which the general laws of science are drawn out of a mass of
specific data by hypothesis, observation, and experiment, but it was he
who gave the new science an articulate and respectable philosophy of
method as well as a sense of mission and a scholarly grace.

Several ironies are evident in Bacon’s life and work. First among them is
the fact that this influential proponent of experimentation conducted few
experiments of his own and in fact was not a scientist at all. This leads to
the further observation that he wrote theoretically about the factual—that
is, he gave to method a guiding philosophy and a vision. One final irony is
Bacon’s refusal to accept the views of Copernicus—proof that some
“facts” are not self-evident to everyone.

Among the many original works of Bacon’s in the Library’s collections
are the two considered most significant. His Instauratio magna, published
in London in 1620, and better known as Novum organum, offers a new
method of reasoning. Instauratio magna was planned as Bacon’s largest
and greatest work. Intended to be composed of six parts—much of which
was either not written or not published—it presented what Bacon called “a
total reconstruction of sciences, arts, and all human knowledge.” The
1620 edition contains mostly the second part, Novum organum—explain-
ing the title the work is known by. The other major work by Bacon in the
Library’s collections is his New Atlantis, published posthumously in Lon-
don in 1628. This utopian fable carried Bacon’s vision of the possibilities
of science far and wide. Bacon told a glowingly optimistic story of
philosopher-princes who founded the “House of Salomon”—a community
given over entirely to science and totally dedicated to it. It is no accident
of history that within a generation after Bacon’s death, the idealism of
Salomon’s House saw partial fruition in the founding of the Accademia del
Cimento and its successors.

Perhaps no individuals followed Bacon’s words so literally and so ear-
nestly as did the French encyclopedists of the eighteenth century. At the
vanguard of this group was the brilliant and indefatigable Denis Diderot,
whose brainchild became the monumental seventeen-volume work called
Encyclopédie ou Dictionnaire raisonné des sciences, des arts, et des
métiers. Published in Paris between 1751 and 1765 and augmented by
eleven volumes of plates published between 1762 and 1772, this huge
work can be considered the centerpiece of the French Enlightenment,
espousing as it did the idea that intellectual progress would ensure the
general progress of mankind. The conception of an encyclopedia was not
new with Diderot—the great medieval compilers followed the same
impulse—but Diderot improved upon both style and substance by
ambitiously opting not only to include every aspect of the “new science”
in comprehensive and sometimes definitive detail but also to commission
the best scholars in France to write these articles. Organized alphabetically,
the work typifies eighteenth-century formalism and its urge to organize
and to codify—an understandable and necessary undertaking after the
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creative outburst of the previous century. But underlying each article, no
matter how technical, could be found the Baconian concept of scientific
progress pushed to the limit—the philosophy that reason will unveil truth
and that all of nature is ultimately knowable. Progress in science and
technology was viewed as a race toward the perfection of mankind—an
admirable but philosophically precarious and sometimes dangerous posi-
tion to hold. Its easy transferral to the sphere of politics did not go
unobserved by the French monarchy, and publication of the Encyclopédie
was plagued by real and threatened censorship.

Diderot had considerable help producing the Encyclopédie, and his
collaborators numbered over two hundred. Among them were such nota-
ble writers as Jean Jacques Rousseau, Voltaire, Montesquieu, and Buffon.
The great mathematician Jean le Rond d’Alembert was Diderot’s assistant
editor from the beginning and wrote not only the articles on mathematics
but the general introduction to the entire work. D’Alembert left the project
in 1759, the same year Pope Clement XIII described it as “containing
false, pernicious, and scandalous doctrines and propositions, inducing
unbelief and scorn for religion” and the King’s Council legally suppressed
it. Both the council’s and the clergy’s condemnation of the work as
subversive was predictable since the Encyclopédie was indeed a work of
propaganda. Most of its writers were committed intellectuals who fer-
ventsy hoped to better the lot of mankind through the enlightened use of
knowledge. By today’s standards, the work is by no means objective, nor
was it intended to be so. Perhaps no individual so exemplifies the writer as
activist and prophet of the scientific movement as does the marquis de
Condorcet. In 1792 when the Encyclopédie was long completed and the
French Revolution was in full flower, Condorcet articulated the essence of
its guiding philosophy. ““All errors in government and society,” he stated,
“are based on philosophic errors which, in turn are derived from errors in
natural science.” The simplistic and usually dogmatic ideas of these genu-
ine believers are cloaked with such sincerity and optimism—a sort of
secular faith in mankind itself—that they engender grudging admiration in
even their most severe critics. This monumental work now is better known
for its politics than for its content. In actual substance, it is an exhaustive
testament of all aspects of eighteenth-ceatury thought and accomplishment
with a decided emphasis on the sciences. The Library has the complete first
edition of this monumental work, seventeen folio volumes of text and
eleven volumes of elegantly precise engravings that graphically and accu-
rately illustrate the technology of the day.

As the nineteenth century began, the exaggerated scientific claims of the
French encyclopedists led some to the conviction that mankind was not far
from a final explanation of all of nature. But as the century neared 1ts
close, the fertile seeds of skepticism had already begun to sprout. The
nineteenth century was an age not only of great technological advances but
of the popularization and professionalization of science itself. It was dur-
ing this century that entire branches or disciplines of science were not only
blocked out as to scope and method but substantively defined and de-
scribed. Contemporary science as we know 1t today came to be.
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1. Astronomy. Observing
the Cosmos

The history of astronomy, more than most scientific disciplines, has a
rather pleasing progression about it. Over the centuries, the pattern of
discovery has been like a series of connected events, each making the
next possible or, sometimes, inevitable. One discovery has usually led to
another. But if astronomy overall as a discipline is a rigorous science, its
scientific subjects, its themes, and the individuals who played a role in its
development have had an almost storybook quality about them.

Astronomy was always an easy collaborator to the romantic—drama is
inherent in the stars, in the cosmos, and in the story of Galileo. Perhaps no
science attracts so many dreamers. What other science offers such a grand
and infinite workshop as the universe? And what other science offers its
practitioners the luxury, indeed the pleasure, of combining unbridled
otherworldly speculation with the most practical and concrete experiments
and methods? Besides these stimulating practical and theoretical qualities,
astronomy has always easily spilled over onto wider issues—usually of a
philosophical nature. It is a science with ancient roots whose themes are
grand and double-edged. This equivocal quality makes it all the more
appealing.

When we ponder man’s place in the heavens, we could be the fifteenth-
century Nicolaus of Cusa, mystically positing ideas of infinity and relativ-
ity, or we could be John Flamsteed, three hundred years later, using a
lifetime to count and catalog the stars. Asking such a question might put
us in the realm of the technical or the philosophical—or both. All the best
works of astronomy have this fascinating dualism.

Consequently, a trip through the major landmarks in astronomy repre-
sented in the collections of the Library of Congress reveals both mystery
and orderliness. The mystery is found in the nature of the science itself.
The very words that have been used to describe it—cosmos, heavens,
luminaries, galaxy, orbs—suggest a magical realm of wonder and surprise.
Some of its most famous investigators have been more mystic than scien-
tist. Yet there is also an orderliness, almost a tidiness, in this science. From
our modern perspective, we perceive the historic inevitabiiity of a single

true idea; one core theme that links each classic work with its predecessor Opposite page:
and provides a bridge over which we might gaze at Copernicus while Thus fifteenth-century illustration de-
talking to Newton. picting a shepherd gazing at the heavens

1s taken from The Shepherd’s Calendar,
a compendium of practical advice relat-
ing to the whole existence of the com-

This unifying theme is summed up in the single word heliocentrism and
all that it implies scientifically and historically. This idea, now so obvious,

that the sun and not the earth is at the core of our system of moving mon man. Der scaepherders kalengier,
planets, links the third-century B.c. Greek thinker Aristarchus with any 1516. See p. 101.
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twentieth-century astronomer. The scientific, political, and religious story
contained in mankind’s discovery, long-time rejection, and final embrace of
that idea, makes it one of the grander themes of science and history. The
ultimate rejection of the notion that the universe is man-centered, and the
recognition and acceptance of the truth, no matter how deflating, is the
story of science and the scientific method in a microcosm.

A final irony concerning this science that most consider to be the oldest
is that it had as its subject not what immediately confronted those early
thinkers but exactly what was farthest away from them. Despite an abun-
dance of more accessible and easily observable earthly wonders before
them, these early scientists instead looked skyward and beyond to seek the
causes of terrestrial events in the heavens. No doubt the mfluence of
religious thinking was a strong factor for many who hoped to discern
some of the divine scheme in the pattern of the stars. Yet there must also
have been the naturally curious who, lacking any motivation save the
desire to know something for its own sake, took full advantage of their
vertical stance and gazed upward in natural wonderment and delight.
Mouvation aside, astronomy has always attracted the best minds, as the
following will attest.

Nearly all the great early Greek philosophers took an interest in some
aspect of astronomy, contemplating the skies from a relatively rational
perspective. As early as the fourth century B.c. the Greek astronomer
Eudoxus knew that a year was not exactly 365 days long. During the next
century, Aristarchus argued that all the planets, including the earth, re-
volved around the sun and that the reason the stars appeared motionless
was that they were immensely distant from the earth. In the following
century, Eratosthenes used his knowledge of the summer solstice to calcu-
late almost correctly the circumference of the entire globe. The greatest
astronomer of this pre-Christian era was Hipparchus, who numbered
among his accomplishments the discovery of tlie precession of the equi-
noxes, the construction of the first systematic star catalog, and the found-
ing of classical positional astronomy.

After Hipparchus, Greek astronomy languished for nearly three centuries
until Claudius Ptolemy became his real successor. Although more is known
of Prolemy’s works than of the second century Greek himself, few individ-
uals have so dominated a discipline for so long a time. The title of his
greatest and most influential work, Almagest—an Arabic title derived from
the Greek—means “The Greatest.” Originally titled The Mathematical
Collection, it was later known as The Great Astronomer. The title’s
transmutation to its final, superlative case indicates the regard with which
his work was held.

Over the centuries, Ptolemy’s ideas dominated Greek, Arabic, and medi-
eval thought. Among several of his printed works in the Library’s collec-
tions is a 1515 vellum-bound book titled Almagesti. Printed 1n Venice, 1t
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Ptolemy’s cosmology was basically that of Aris-
totle. In this depiction of Arnistotelian cosmology
by Petrus Apianus, a motionless earth lies at the
center of the universe. It is surrounded by seven
concentric spheres, *‘crystalline spheres,” which
carry the sun, the moon, and the planets. An
outermost ring of fixed stars rotates about the
entirety. Cosmographia, 1545. Petrus Apianus.
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is dense with tables, and its wide margins contain many diagrams. Ptole-
my’s Almagest is also represented in a massive 1541 collection of his
works, the Opera printed in Basel. Overall, its tone is serious and authori-
tative.

At the core of his astronomical theory, so revered for so long, is the
concept of a fixed spherical earth placed at the center of the universe. Not
so much an original thinker as a synthesizer, Ptolemy took his geocentric
idea directly from Aristotle. Though erroneous, the excruciatingly complex
system of an unmoving earth at the hub of planets whose movements were
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explained by epicycles, deferents, and equants dominated cosmological
thinking until the ttme of Copernicus—some fifteen hundred years after
Ptolemy’s death.

One man who greatly contributed to Ptolemy’s authoritative sway was
a fifteenth-century East Prussian, Johannes Miiller, who called himself
Regiomontanus (king’s mountain) after the Latin name of his birthplace.
Ptolemy’s Abmagest is represented in the Library’s collection also by the
Regiomontanus version Epytoma in Almagestum published in Venice in
1496. This weathered and much-used volume has a full-page woodcut at
the beginning of the book that portrays the author and Ptolemy side by
side.

As a student of the German astronomer Georg Peurbach, Regiomon-
tanus was a confirmed Ptolemean who learned Greek so as to go beyond
the faulty Arabic translations of Ptolemy’s works. It was at the request of
Cardinal Bessarion that Regiomontanus completed the project begun by
the dead Peurbach and produced a completely revised and corrected ver-
sion of Almagest. Regiomontanus also saw the immense potential of the
mechanical printing process, then in its infancy. His corrected version of
Ptolemy’s astronomical work was published in Latin, the language of the
learned V("estem world. It was in this volume, then, that the ancient Th reviai of Greek st di-cs was an important
astronomical knowledge, so long lost to the Western world and then aspect of the Italian Renaissance. With the fall
misshapen by translators, was restored and presented to the eager niinds of  f Constantinople to the Turks in 1453, Greek
the Renaissance. scholars and manuscripts flooded the West. The

In the history of astronomy there is a direct line from Ptolemy’s papal legate to the Holy Roman Empire at this
Almagest to the De revolutionibus of Nicolas Copernicus. It is not exag- ume was an enlightened Byzantne, Cardinal

. . . . . . John Bessarion, whose aim 1t was to bring the
gerating to say that in the nearly fourteen intervening centuries, no major writings of ancient Greece to the attention of the
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astronomical discoveries were made. Yet with the publication of his De West, by translation. Bessarion persuaded the
revolutionibus, Copernicus shattered the false certitude of centuries of astronomer Georg Peurbach to translate Prole-
astronomical tradition and initiated the inevitable abandonment of Ptole- my's Almagest, but Peurbach died after com-
maic dogma. pleting Book Six and his student, Regiomon-

tanus, completed the project. Regiomontanus
owed much of his fluency 1n Greek to Bessa-
rion’s teaching. Regiomontanus died in Rome n

With the words “In the midst of all dwells the Sun,” Copernicus rejected
the earth-centered Ptolemaic concept of the universe and offered instead a

heliocentric mode (or, strictly speaking, a “heliostatic”” one). His system- 1476 at age forty, having been summoned to
atic, mathematical universe was attractive in its simplicity: “For who could  that aty by Pope Sixtus IV to emend the incor-
set this luminary in another or better place in this most glorious temple, rect Julian calendar. This frontispiece shows a

crowned Prolemy and a gesturing Regiomon-
tanus sitting beneath an armullary sphere. Epy-
toma i Almagestum, 1496. Regiomontanus.

than whence he can at one and the same time brighten the whole?” To
him, the earth’s movement or rotation on its axis and around the sun was
a physical reality that could be understood mathematically. This concept
of the natural world as simple and knowable lay at the core of the
scientific revolution in all other fields as well as astronomy. Such ideas
were truly radical in the early fifteenth century.

Copernicus chose a lyrical and ultimately equivocal title for his work,
calling it On the Revolutions of the Heavenly Spheres. Indeed it was a
work destined to bring about fundamental changes in the way men
thought, but no immediate changes, as it lacked strong empirical evidence.
Nor was its publication always assured. The core principles of the book
were worked out and written by Copernicus more than thirty years before
the 1543 publication date, circulated privately, and then put away. The
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“In the midst of all dwells the Sun,” said Coper-
nicus. To him, the universe was systematic,
mathematcal, knowable, and above all simple.
In this diagram from De revolutionibus, the
earth is number V, “Telluns,” counting from the
outermost ring of stars. Copernicus was not en-
tirely liberated from Aristotle and Ptolemy,
however, for he too believed the orbuts to be
arcular and umform. De revolutionibus orbium
coelestium, 1543. Nicolaus Copernicus.
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work might never have been published at all had it not been for the
intervention and urging of Rheticus, whose story is told later.

Its scientific merits and status aside, the book has a number of oddities
that are historically interesting. It is estimated that four hundred first
edition copies were published in the spring of 1543, but few sold and no
real stir was created. The book’s preface, written by a Lutheran theolo-
gian, seems to contradict the author’s dedication. The latter asked for
intellectual freedom “to follow the truth wherever it might lead.” The
former disclaimed the book’s premise, saying it was not necessanly “‘or
even probably true.” The book was written by an astronomer who was
certainly no natural observer of the heavens—in the book’s 400 pages,
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only twenty-seven actual observations are noted. And although the au-
thor’s name did appear on the book’s cover, the text never included the
name Copernicus but referred to its author as domine praeceptor, or
master teacher. Despite the crucial role played by the young Rheticus in
persuading Copernicus to publish it and in supervising its printing, the
book nowhere contains his name either. Copernicus named several others
in his dedication, but not Rheticus. And, finally, legend has it that the first
copy of his book reached Copernicus on his deathbed, although this is
probably apocryphal. Although prudently dedicated to Pope Paul III, the
book was placed on the Index librorum probibitorum by the Catholic
Church in 1616 (not to be removed until 1822). Despite the Church’s
condemnation, the Copernican view came to be accepted within a century
by the leaders of science. The Library’s first edition copy was printed in
Nuremberg in 1543 and was rebound during the nineteenth century in
handsome Moroccan leather. The pages are gilt-edged.

A reasonably important mathematician in his own right, Rheticus is one
of those individuals in history whose fate and ‘ame became linked and
subordinate to another. Named Georg Joachim von Lauchen, he took the
Latin name of the province (Rhaetia) in which he was born. He is best
known today not for preparing the best trigonometric tables of his time
but for his Narratio prima, a succinct abstract of Copernican theory.
Rheticus first met Nicolas Copernicus when he was twenty-five years old
and the master was sixty-six. The young man read the never-published
manuscript that Copernicus had written before Rheticus was born and
became the master teacher’s first disciple. His Narratio prima, published in
1540, is the result of a compromise with Copernicus whereby Rheticus
was allowed to publish this brief account of the hidden manuscript as a
means of testing the scientific and political climate. No great protest
emerged and Copernicus became convinced the times were right for his
revolutionary manuscript. The young man’s counsel proved correct.
Despite having written the book in which the Copernican theory first
appeared, the Narratio prima, and having guided De revolutionibus
through the long and tedious printing process, Rheticus was ignored by
Copernicus in his dedication. It has been suggested that in a volume
dedicated to the pope, the Catholic Copernicus would not bring himself to
thank the Protestant Rheticus. After all, Martin Luther had been excom-
municated and outlawed only twenty-two years earlier. Although the 1540
edition is not in the Library, the text appeared again in the second edition
of the De revolutionibus (Basel, 1566), which the Library does have. The
Library also has a facsimile edition of the 1540 original owned by Coper-
nicus’s friend Johann Schéner.

Thirty years after the publication of De revolutionibus, a book written
by Tycho Brahe appeared thzt supported Copernicus’s challenge of the
immutability of the heavens but did not fully endorse his heliocentric 1dea.
Tycho Brahe, the irrepressible, argumentative Dane, is one of astronomy’s
most colorful and interesting figures. From his false metal nose (which
replaced the real one he lost in a duc!) to his three-foot tall court jester,
Tycho was out of the ordinary. He did nothing in a quiet or modest
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manner. Yet this hard-drinking aristocrat was also a precise, methodical
scientist who became astronomy’s greatest naked-eye observer. His
accurate observations put the first crack in the foundation of Aristotelian
cosmology.

Trained 1n the law, Tycho was fortunate to have his astronomical
appetite whetted early by an eclipse of the sun he observed in 1560. This
event led him to further studies in astronomy and mathematics and
prepared him for the great event in his life—the supernova of 1572. This
exploding star, which seemed to appear out of nowhere, eventually grew
brighter than Venus before dwindling away 1n a year and a half. The
appearance of a new body in the heavens astounded, impressed, and
shocked nearly everyone who saw 1t, peasants and learned men alike. It
was deemed especially sigmficant by all of sixteenth-century Europe, which
placed so much import on astrology and the role the heavens played in
men’s lives. So it is not surprising that Tycho’s De nova stella appeared in
Copenhagen in 1573 along with scores of other books interpreting the
star’s meaning. Tycho’s little book of fifty-two pages not only offered an
explanation that this new body was indeed an unmoving new star but,
more significantly, presented a theory that was the logical result of the
author’s precise celestial observations-—the modern scientific method in a
nutshell. He went where the truth led him. In this case, 1t led him to an
implicit rejection of centuries of traditional cosmological thinking,
Although Copernicus had published De revolutionibus thirty years earlier,
the learned world still embraced the Aristotelian/Ptolemaic concept of an
unchanging and perfect universe. Tycho not only claimed that this universe
had changed, he offered scientific evidence, based on rigorous proof, what
he called “hard, obstinate facts,” that this phenomenon was indeed a new
star, a recent addition to an obviously not-so-immutable or perfect
universe.

Tycho proved himself human, however, by failing to embrace the full
implications of the new star. A disciple of Ptolemy, Tycho never did fully
support the heliocentric theory of Copernicus but rather attempted a great
compromise between the two rival systems. He was on shaky ground, not
being any great theoretician, and his faulty system of celestial machinery
came to be disregarded. Accurate observation was his forte, however, and
it was through his painstakingly precise measurements that the revolution-
ary implications of De nova stella could not be ignored. The Library’s
copy of De nova stella is a facsimile printed in Brussels from the original.
Two later works by Tycho are in the Library’s collections: Astronomiae
instauratae mechanicae, published in 1602 in Nuremburg, which contains
descriptions of his astronomical instruments, and Opera ommnia; sive,
Astronomiae instauratae progymnasnata (Frankfurt, 1648), which contains
his De nova stella.

Some say that Tychc’s greatest discovery was his young German assist-
ant, Johannes Kepler. Kepler’s creative genius asserted itself despite
tragedy, war, plague, and religious persecution. That one man could
accomplish such scientific breakthroughs despite the personal traumas in-
flicted by a chaotic Europe is amazing. That such a giant of science was, in
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the flesh, a lonely, insecure man with weak eyes and a penchant for
mysticism, gives some insight into the varieties of the individual scientfic
experience.

As was the case with so many astronomers, it was Kepler’s studies in
mathematics that led him to astronomy. But unlike many astronomers of
his time, he became a thoroughgoing Copernican and chose for himself
the intellectual goal of determining what the mathematical ordei of the
universe was. With a single-mindedness he himself described as a “sacred
madness,” he discovered not only the true movements of the planets but
the mathematical and physical laws that control them. His greatest work,
aptly titled Astronomia nova, for indeed it laid the foundation for the new
science of physical astronomy, was published in 1609 in Linz. This was
eight years after the death of the great Tycho Brahe, with whom Kepler
had lived and worked for nearly two years. Tycho bequeathed to the
young Kepler not only his mass of precise astronomical data but also, and
perhaps even more significantly, a respect for what has become the scien-
tific method. That is, Kepler learned the essential value of applying theory
to observable facts and testing his ideas against the real and the verifiable.

ASTRONOMY: OBSERVING THE COSMOS

ERIC -

Aruitoxt provided by Eic:

As history’'s greatest naked-eye astronomer, Ty-
cho Brahe located the new star of 1572 (which
we now know to be a supernova or exploding
star) in1its proper celestial place in the constella-
tion Cassiopeia. The illustration on page 236
shows why the constellation, located between
Andromeda and Cepheus, 1s also called Cassiop-
eta’s Chair. Opera omnia, 1648. Tycho Brahe.
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In this fairly simple diagram (topped by a draw-
ing of “Victorious Astronomy”’), Kepler demon-
strated his two laws of planetary motion. First,
he showed that Mars rotates in an almost circu-
lar elliptical orbit around the sun (the broken
line 1s Mars’s orbit around the sun, n). This at
last broke the grip of Greek astronomy with its
sacred, perfect circles. Second, he showed that if
aradial hne were drawn from the sun to Mars (n
to b, 1 to m) 1t would cover equal areas 1n equal
time. Kepler thus explained mathematically vrhy
planets change velocity, since they speed up as
they near the sun and slow down as they move
away. Astronomua nova, 1609 [1968]. Johann
Kepler.
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Combining his native genius with Tycho’s observations, Kepler labored for
six years and produced his massive Astronomia nova. Always a modest
man, Kepler was nonetheless well aware of the significance of his master-
piece, for in his introduction he compares his celestial goal with the earthly
adventures and aspirations of Columbus and Magellan. In that claim he
was not boasting, for Astronomia nova certainly broke new ground. It
contained what came to be kncwn as Kepler’s first two laws of planetary
riotion. The first stated that planets move in ellipses with the sun 1n one
focus. The second explained that a line joining the sun and a planet
sweeps out equal areas of the ellipse in equal times. These two laws of
planetary motion at last broke the grip of Greek astronomy and its sacred
circles. With them, the new science of physical astronomy was born, which
henceforth would enable astronomers to compute a planet’s orbit by a
given mathematical formula. No more circles on circles, epicycles and
eccentrics, or deferents and equants. Astronomy had begun to grow up.

Ten years later, Kepler completed his Harmonices mundi, a mystical
work which, despite its Pythagorean musical analogies, contained his third
law of planetary motion: that the squares of the periods of the planets
around the sun are proportional to the cubes of their distances from it.
With this final major discovery, Kepler had put the capstone on a mathe-
matical system that would allow future astronomers to predict the move-
ments of those wanderers the Greeks called “planets.”

Kepler was indeed a genius, and an open-minded one at that. His
exposure to the recently invented telescope resulted in a correct theory of
vision. Also, he was the first to employ Napier’s new logarithms, and he
popularized tlieir use in Germany. He was a voluminous writer, and
among his volumes 1n the Library’s collection is his Somnmm or Dream,
published in 1634 in Frankfurt, four years after his death. A mythical
account of two people transported to the moon, it details what the moon
would look like to visitors from earth and is regarded as the first work of
inodern science fiction concerning a trip to the moon. The Library’s
Harmonices mundi, published in Linz in 1619, is a first edition, with
writing covering its vellum covers front and back. The 255-page book
contains many musical symbols and abundant illustrations. Its fifth book,
titled De harmonta perfectissima motuum coelestium, describes Kepler’s
third law. Although the Library’s Astronomia nova is a recent facsimile,
the collections include first editions of Kepler’s Ephemerides novae mo-
tuum coelestium, published 1617-30 in Linz, Tabulae Rudolphinae, pub-
lished in Ulm, 1627-30, and his mathematical work, Chilas logarithmo-
rum, published in Marburg in 1624.

With the publication of Stdereus nuncius, Kepler’s contemporary Galileo
Galilei turned himself from a little-known mathematician into one of the
most famous and celebrated men 1n all of Europe. More importantly, he
triggered both the beginning of modern observational astronomy and the
ultimate end of the Aristotelian-Ptolemaic world view. Galileo was a
genius and an opportunist. Upon hearing of the Dutch invention of a
“spyglass,” he immediately designed and constructed several of his own—
each time improving the magnification. Although he presented his new
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In this page from his Harmonies of
the World, Kepler gives the musical
scales or range of sounds that he as-
cnibed to each planet, including the
earth. He arrived at these harmonies
by calculating the velocities of each
planet when nearest and furthest
from the sun. Kepler’s mystical for-
ays into the music of the spheres was
more than a revival of Pythagorean
and Platonic ideas, for 1t was exactly
these investigations that led him to

the discovery of the princaiples of plan-

etary motion. Harmonices mundh,
1619. Johann Kepler.
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Galileo’s Starry Messenger contained the first
telescopic drawings of the moon to be pub-
lished. Galileo showed the moon to be a solid
body with irregular surface features. This draw-
ing correctly shows mountaintops catchirg the
sunlight and casting shadows, the lengt's of
which Galileo used to estimate the mountain’s
height. Opere di Galileo Galiles, 1655. Galileo
Galilei.

Opposite page:

A frontispiece by Stefano della Bella to Galileo’s
Dialogue Concerning the Two Chief World Sys-
tems, 1632, shows Anistotle, Ptolemy, and Co-
pernicus discussing matters of astronomy. Gali-
leo was able to pursue his research in Florence
during the years 1616-32 despite papal disap-
proval, since he worked under the aegs of the
Media family (symbolized here by the Grand
Ducal crown and the banner). The family ban-
ner did not protect him from the wrath of the
Roman Inquisition, however, and 1t was the
Dialogo and its open defense of Copernican he-
liocentrism that occasioned his trial and his ab-
juranon of the work itself. Dialogo . . . sopra:
due massimi sistemi del mondo tolemaico, e
copernicano, 1632, Galileo Galiler.

device to the burghers of Venice and dazzled them with its commercial
potential, Galileo saw beyond that mundane application and turned his
telescope upward to spy on the heavens. On each cloudless night from
September 1609 to March 1610 he studied the moon and planets, noting
fevenishly the new wonders revealed to his extended eyes. His discoveries
were dazzling, and he rushed them into print. His little twenty-eight-page
Sidereus nuncius told what he saw. The moon was not smooth and
polished but “is in fact rough and uneven, covered everywhere, just like
the earth’s surface, with huge prominences, deep valleys, and chasms.”
Also, the sun has spots, Venus has phases, and Jupiter has several moons
of its own. The Library has a facsimile of the 1610, Venice, first edition of
this work as well as a 1655 edition in Opere di Galileo Galilei published
in Bologna.

To Galileo, these startling observations had enormous implications.
Above all, they seemed to totally affirm the Copernican idea that the sun
and not the earth was the center of the universe. Certainly this new
window on the universe showed him a decidedly different place than the
immutable, ethereal realm of Aristotle. There appeared to be an entire
universe out there which took little note of man, nor did 1t function for
the sake of man alone. The publication of his slim book 1n 1610 led
Galileo into an inevitable defense of the Copernican system, which he
published twenty-two years later. At this point 1n time, however, the forty-
five-year-old Galileo was still circumspect and did not proclaim the
implications of Sidereus nuncius. Rather, he rode discreetly on a wave of
acclaim and popularity, so that only four months after the book’s publica-
tion, he was appointed court mathematician to the Grand Duke of
Tuscany. Galileo had the foresight to dedicate his book to the duke,
Cosmo II de Medici, after whose family he named Jupiter’s four moons
“Medicean stars.”

Over twenty years later, another dedication, this time to the pope, met
with much less success. During the intervening years of war, plague, and
religious dogmatism, Galileo had engaged in many small-scale skirmishes
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because of his Copernican advocacy. But by 1630, after laboring for six
years, he was prepared for an open fight, having completed his Dialogo
... sopra i due massimi sistemi del mondo.

Assuming that a friendly Pope Urban VIII was, if not on his side, at
least not openly against him, Galileo went to Rome 1n May 1630 to obtain
an imprimatur for Dialogo. Although the pope did not read the book, he
regarded the work as a strictly hypothetical exercise and urged Galileo to
change titles. Galileo had proposed to call the book Dialogue on the Ebb
and Flow of the Seas—a title the pope thought overemphasized the issue of
physical proof. Galileo agreed to the change and pressed for the imprima-
tur. Although the blessing to publish was eventually given, it was granted
as the result of rather questionable lobbying practices by Galileo’s influen-
tial friends. Further, the book was published in Florence and not in Rome
under the pope’s eyes. Only a few weeks passed before the pope realized
he had been duped. In August 1632, he ordered all unsold copies of
Dialogo confiscated. Those already sold would be bought back. In less
than a year’s time, Galileo would sign his guilt, admitting the falseness of
his writings. The machinery of the Inquisition proved a fearsome and
harrowing experience for the seventy-year-old man.

The censor’s fears of Dialogo were justified, for the book was a masterly
polemic against the old and for the new science. Written in the form of a
discussion among three friends—a Copernican, an Aristotelian, and a
supposedly impartial listener—Dialogo inveighs against a thousand years
of tradition. Aside from its open defense of Copernican heliocentrism, the
book had more subtle implications. To Galileo, the ultimate test of a
scientific theory was found in nature. Man, he said, was capable of dealing
objectively with the world and of knowing it on rational terms. Today, we
call this way of thinking and operating the scientific method.

This particular first edition of Galileo’s Dialogo is rare, many of the
volumes having been burned by the Inquisition. It contains the famous
Stefano della Bella frontispiece which shows Aristotle, Ptolemy, and
Copernicus in discussion. Written in the vernacular, the book is 485 pages
long, has five imprimaturs listed (three in Florence alone), and has an
index. A first edition was smuggled to Strasbourg, translated into Latin in
1635, and circulated widely throughout Europe. The Library has two
copies of the 1632 first edition published in Florence.

As Galileo first made his mark with the telescope, so young Christiaan
Huygens did also with his own much improved version of the same
instrument. Huygens was a mathematical prodigy who 1n his twenties
devised a better method for grinding lenses, with the result that his
homemade telescopes provided a significant increase in magnifying power.
Still following in Galileo’s footsteps, Huygens used his telescope to study
the changes in the appearance of Saturn—changes that were first noted by
the great Galileo. Huygens, however, was able to see what others could
not—that Saturn was surrounded by a thin ring that did not touch the
planet and whose inclination to the ecliptic varied slightly, which thus
accounted for the changes in the planet’s appearance. He also discovered
the first satellite of Saturn, which he later named Titan. Huygens first
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wrote of Saturn’s rings for a small, two-page tract by Giovanni Borelli
called De vero telescopu, but his writing was in the guise of an anagram,
keeping his discovery disguised until he could further confirm his observa-
tions. This accomplished, he wrote his Systema Saturnium, which was first
published in The Hague in 1659. The Library does not have this work 1n
its collections. It does, however, have the complete, twenty-two-volume
Oeuvres complétes de Christiaan Huygens (which includes his correspon-
dence), published in The Hague between 1888 and 1950. After this and
other astronomical successes, Huygens left astronomy and turned his
genius to the fields of dynamics and optics.

The year 1642 began and ended symbolically for astronomy—Galileo
died in January and Isaac Newton was born in December. Twenty-four
years later in his annus mirabilis, the young Newton concluded 1n a bold,
intuitive stroke that the physical laws of the heavens and those of the earth
were one and the same, with both planets and apples being subject to the
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Newton’s three laws of motion laid the ground-
work for his law of universal gravitation. They
state: (1) thata body remains at rest unless 1t 1s
compelled to change by a force impressed upon
it; (2) that the change of motion (the change of
velocity times the mass of the body) is propor-
tional to the forces impressed; and (3) that to
every action there 1s an equal and opposite reac-
non. Philosophiae naturalis principra mathema-
tica, 1687. Isaac Newton.
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same natural forces. Although he had worked out the mathemancal proof
of his theory in 1666, Newton would wait another twenty-one years to
publish it. Regarded as the greatest scienufic work ever written, Isaac
Newton’s Phiosophiae naturalis principia mathematica described the en-
ure world as subsumed under a single set of laws. The translated title, in
fact, makes its purpose quite clear. Mathematical Principles of Natural
Philosophy 1s based on the Platonic belief and tradition that the study of
nature should rest mainly on mathematical principles. The Principia con-
sists of three books, the third of which, utled System of the World, affects
most directly the history of astronomy. Book 3 deals specifically with the
motions and mutual attractions of celestial bodies and contains Newton’s
famous law of universal gravitation. This discovery followed from his
three laws of motion propounded in Book 1 and states that every parucle
of matter attracts every other particle with a force proportional to the
product of the masses and inversely proportional to the square of the
distances between them. By thus establishing that gravity is a universal
property of all bodies, celestial and earthly alike, Newton is said to have
“democratized” the universe, ending for all time the hierarchical and
immutable concept of the cosmos. Thus, for the first time, a single mathe-
matical law could explain movement both in the heavens or on earth. The
entire cosmos was shown to be unified by knowable laws and predictable
phenomena. Such a concept was truly a revelation in human thought and
marked the glorious culmination of the scientific revolution begun by
Copernicus.

Newton surely ““stood on the shoulders” of others, as he modestly
claimed, but where Copemicus, Kepler, and even Galileo could only
describe, Newton explained. His ability to so penetrate to the core of a
problem, to abstract and to speculate with precision, to so focus his
maghnificent intellectual ability, made Newton see and understand where
others could not.

Both the origin and the publication of Newton’s Principta are rather
interesting stories to tell. Although written in 1686, some of its core
calculations were worked out by Newton during the plague year of 1666.
It was only in 1684 when Newton’s friend, the astronomer Edmund
Halley, posed the problem of planetary motion to him that Newton
indicated that he had, indeed, worked out the calculations as a young man
of twenty-four years. Halley reacted as had Rheticus to Copernicus, urging
him to write and to publish. Newton became immersed in the work and
fifteen months later produced the Principia. Yet publication was not
assured. Robert Hooke, a lifelong adversary of Newton’s, claimed priority
of discovery. Although the Royal Society had intended to publish New-
ton’s new work, it suddenly announced it was short of publishing funds
rather than become embroiled in what promised to be a nasty dispute
between two famous, influential scientists. Halley again offered his help,
and, being a man of considerable means, financed all the publication
expenses. The Principia was published in London 1n 1687 and the Age of
Reason began. The Library’s copy is a first edition.

Pierre Simon Laplace’s monumental five-volume work on celestial
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mechanics was published in Paris over a span of twenty-seven years, from
1798 to 182S5. Titled Traité de mécanique céleste, the work focuses on the
perturbations of the members of the solar system and the overall stability
of that system. Called the “Newton of France,” Laplace not only codified
the theories of his predecessors, specifically Isaac Newton, but he also
developed them in a brilliant manner. On the questions of the irregularities
of planetary movement, Newton could not explain the anomalies of Saturn
and Jupiter, and resorted to God as the ultimate realigner. Laplace, on the
other hand, maintained the universe was like a great self-correcting ma-
chine that was inherently stable. When asked why there was no mention of
God in his lengthy work, he reportedly stated, ““I had no need of that
hypothesis.” This extremely difficult treatise marked the culmination of
Newton’s application of mathematical theories to the science of astron-
omy. Furthermore, many of its more abstract theories were indeed con-
firmed by later mathematicians. Laplace’s brilliant explanations and proofs
make his Treatise a singular achievement, yet he is most famous for a
footnote he added to a more popular book on astronomy, Exposition du
systéme du monde, first published in Paris in 1796. This note, which is one
of five at the end of the book, became known as his famous “nebular
hypothesis.” In it, Laplace offered the speculation that the sun originated
as a giant cloud of gas or nebula that was in rotation. By centrifugal force,
the core of the nebula became the sun and the rim of gas, the planets. This
throwaway speculation on the part of Laplace took hold and is still
popular today. Although the famous note is not found in the first edition,
it is present in later editions, one of which the Library possesses (the third
edition, published in Paris in 1808). The Library 1lso has his complete
five-volume Traité de mécanique céleste in first edition (Paris, 1798-1825).

Between these great works already described and *he large mass of
workmanlike but certainly minor astronomical efforts, there exists a small
but significant corpus of first-rate, historically significant volumes in the
Library’s collections in astronomy. First among these, if only because its
author predated even Ptolemy, is De magnitudinibus, et distantus solis, et
lunae of Aristarchus of Samos. Called the Copernicus of antiquity,
Aristarchus may have been the first to propose the heliocentric hypothesis.
Although no copies of his seminal work on the heliocentric hypothesis
remain, his Distantiis solis did survive medieval times and was published
in Pisa in 1572. His calculations as to the size and distance of the sun in
this slim, thirty-eight-page book, which the Library has in first edition,
were off by a factor of twenty, but his theory proved right.

Calculations were what Almanach perpetuum was all about. This fa-
mous astronomical work of over three hundred pages of tables contributed
greatly to the age of maritime explorations and discoveries. Using 1ts
astronomical tables, ship captains were better able to navigate, using the
sun and stars as a guide. Vasco de Gama was aided by its calculations on
his expedition to India, and Christopher Columbus owned a copy, now 1n
the Bibliotheca Columbina in Seville. The original text was written in
Hebrew and translated later into Latin. The Library’s Almanach, a
wooden-bound text with a metal clasp, was published in Leiria, Portugal,
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Anstarchus was the first to approximate the real
scale of thesolar system. He determined the size
and distance of the sun and moon by using the
earth’s shadow on the moon and his knowledge
of geometry. In theory, his method was correct
though his final measurements were wrong. His
calculanion of the sun’s distance from the earth
was only four or five million milcs, but his figure
was sufficiently large to indicate generally the
magnitude of the solar system. De magnstudini-
bus, et distantus solis, et lunae, 1572. Anstar-
chus of Samos.
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in 1496. The almanach’s original tables are attributed to the Jewish
mathematician Abraham Zacuto of Salamanca and Saragossa.

By far the most popular book on astronomy during the Middle Ages
was the Sphaera mund: of Johannes de Sacrobosco (known also as John of
Holywood). Little is known with certainty about him, but most agree
Sacrobosco was an English clergyman from either Holywood or Halifax
who died around 1256. He did spend the greater part of his life in Pars,
where he taught mathematics and astrology. His Sphaer: mundi was based
primarily on Ptolemy and his Arabic commentators and was first published
around 1220. Thereafter, it was eagerly copied and commented upon and
became the standard textbook on astronomy in all the schools of Europe.
With the new technology of printing in the fifteenth century, the Sphaera
mundi was one of the first books on astronomy to be printed (Ferrara,
1472) and 1t was so generally adopted as a fundamental text that twenty-
four more editions appeared during the next twenty-eight years. Indeed, 1t
continued to be universally accepted until late into the seventeenth century.
The text’s obvious clarity and simplicity explain its continued use. It is a
fairly small work, arranged in four chapters that treat the terrestrial globe,
circular theories of the universe, the rising and setting of the stars, and the
orbits and movements of the planets. Judging by this essentially derivative
work, Sacrobosco had little to contribute to astronomy, but the clarity of
his self-explanatory text and the later addition of an extraordinary series
of woodcuts illustrating the constellations and the planets made his work
enormously successful. The Library does not have the very rare 1472
Ferrara edition, but it does have several later editions of Sphaera mundi in
its collections—the earliest being the 1485 Ratdolt edition printed in
Venice. This contains some woodcuts printed partly in color and has, as
accompanying text, the Disputationes of Regiomontanus and Georg Puer-
bach’s Theoricae novae planetarum.

The intriguing title of De docta ignorantia, or Learned Ignorance, sets
the tone for the mystical Nicolaus of Cusa. Described as the last great
philosopher of the passing Middle Ages, Cusa held some very modern
notions—such as a spinning earth moving about the sun, infinite space,
and stars that were suns for other worlds. His Learned Ignorance was but
a part, volume 1, of a larger work entitled Opuscula theologica et mathe-
matica, published in Strasbourg around 1500. The Library’s first edition
copy is a most medieval-looking book with a dense, unrelieved text. The
paradox of Cusa is that a medieval, almost intuitive philosopher could
posit ultimately correct scientific ideas with no calculations, no observa-
tions, and seemingly no overall theory of his own. Yet in this cardinal’s
suggestions are found the seeds of modernism and revolution—ideas of
relativity and infinity.

Sull within the narrow realm of medieval astronomy is Homocentrica by
Girolamo Fracastoro. This Veronese astronomer taught at Padua and may
have known Copernicus, who was a student there. In this work published
in Venice in 1538, Fracastoro labored long and hard to bring Ptolemy’s
geocentrism more in line with actual observations. Also 1n this work is
found the suggestion of a telescope, where Fracastoro describes his experi-
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ments superimposing two lenses in order to magnify objects. The Library’s
first edition copy contains a portrait of the bearded author.

Petrus Apianus, whose real name was Peter Bienewitz, was a contempo-
rary of Fracastoro. Both lived during the “‘great conjunction” of all the
planets in the constellation of Pisces that took place on February 11, 1524.
This event as well as the 1531 comet (which later became known as
Halley’s comet) provoked a great deal of astronomical and astrological
speculation. Apian’s principal work, Astronomicum caesareum, contains
important observations on comets, most notably the fact that the tails of
comets always pointed away from the sun. The Library has this large and
handsome volume of Caesar’s Astronomy in first edition. Published 1n
Ingolstadt in 1540, it contains thirty-seven full-page colored volvelles that
relate to the calculation of planetary movement and position. Apian be-
lieved these revolving disks to be of greater help in solving astronomical
problems than the conventional mathematical tables. This volume was
printed under the supervision of Apian and his brother at their private
press in Ingolstadt, and it is thought to have taken eight years to produce.
It is not an exaggeration to describe it as one of the most beautiful books
ever made.

Although both Fracastoro and Apian were contemporaries of Coperni-
cus, it was Erasmus Reinhold, a German mathematics professor, who
became one of the master’s first converts. His main astronomical work,
Prutenicae tabulae coelestium motuum, published eight vears after De
revolutionibus, presented the first set of planetary tables to be based on the
Copernican theory. The work was sponsored by Reinhold’s patron, Duke
Albert of Prussia, and therefore was titled the Prussian Tables. Although
these tables were eventually superseded by Kepler’s more accurate tables,
their mere existence contributed to the spread of the Copernican theory.
Although there is some text to this book, it contains over 156 pages of
tables. The Library’s first edition copy was printed in Tiibingen (Wurttem-
berg) in 1551.

One celebrated astronomer who publicly endorsed the Prolemaic system
but who privately embraced the Copernican 1dea was Michael Maestlin,
the mentor and lifelong friend of Johannes Kepler. Since the Lutheran
faculty at the University of Tiibingen prohibited discussion of the Coperni-
can theory, Maestlin was obliged, as an instructor there, to teach the
geocentric system. This policy did not prevent him, however, from pri-
vately advocating the Copernican theory; and as Kepler’s teacher, he
instructed the young man in what he believed to be true—orthodoxy aside.
His work is represented in the Library’s collection by Epitome astronom-
iae, published at Tiibingen in 1624, The book is of small dimensions but
thick, with 543 stained pages. It is full of diagrams and tables and even
has a foldout table. Maestlin outlived Kepler by one year and freely
admitted that much of his pupil’s work was beyond him.

The posthumously published works by the English astronomer Jeremiah
Horrocks are noteworthy not only for their scientific accomplishments but
because they are singular products of a genius who died too soon. In his
short life of twenty-two years, Horrocks (whose name 1s sometimes spelled
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Thirty-seven years after Galileo’s moon draw-
ings were made, Hevelus published Selenogra-
phia, his map of the moon. This magmficant
work was the first real atlas of the moon and

contains lunar features we can recognize today.

Its level of detail reveals the rapid advances
in telescope optics since Gahileo's 1610 moon
drawings. Selenographia, 1647. Johannes
Hevelius.
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Horrox) corrected Kepler’s Rudolphine Tables and accurately predicted the
transit of Venus between the earth and the sun. Following this prediction,
he set up his telescope, aperture, and paper disk and became the first
person ever to observe this phenomenon. From this single observation, he
made what can only be described as an inspired (and nearly correct) guess
ac to the distance of the earth from the sun. Before his early death,
Horrocks suggested the parallax effect, demonstrated that the moon’s orbit
was elliptical, and even gave a foretaste of Newton’s law of universal
gravitation. His 496-page Opera posthuma was published in London in
1673, thirty-two years after his death. The Library has this work in first
edition.

The pioneering work of Johannes Hevelius (who Latinized his German
name, Hevel) exemplifies how, soon after the invention of the telescope,
the emphasis in astronomy was heavily on observation. Only one gerera-
uon after Galileo first used a telescope to make his rough sketches of the
moon for his Sidereus nuncius, Hevelus had built at Danzig Europe’s best
observatory and was probing the heavens with a 150-foot-long telescope.
In 1647 he published in Danzig Selenographia, a magnificent atlas of 563
pages with 110 plates, detailing the surface of the moon. His lunar
features are so accurate that we can recogmze them today. In addition to
this masterpiece, the Library has seven of his other titles dealing with his
observations of comets and planets, most notably his Cometographia,
published in Danzig in 1668.
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Although Hevelius named many of the moon’s features (he called the
flat areas seas, or maria, a name we retain), his older friend and contem-
porary Giovanni Riccioli began the practice of naming lunar features after
great scientists and prominent historical figures. Riccioli used this system
in his Almagestum novum, published in Bologna in 1651, which, since he
rejected the views of Copernicus, he titled in Ptolemy’s honor. It should be
noted that Riccioli named one crater after himself. The Library has a first

edition copy of Almagestum novum, whose significance stems only 1n small

part from Riccioli’s contributions to naming and describing lunar features.
A large portion of the two-volume folio concerns the Copernican contro-
versy—a problem that fascinated Riccioli. As both a Jesuit priest and a

man of science, he had difficulty accepting either the Aristotelian-Ptolemaic

theory or the Copernican idea—each for different reasons. In addition to
offering his own theory of the universe, Almagestum novum contains an
account of Riccioli’s pendulum experiments and his theories of lunar
libration and planetary parallaxes, as well as the complete Latin text of
Galileo’s abjuration and the papal judgment against him.

The Cassini family of astronomers 1s represented in the Library by two
works of the father Giovanni Domenico Cassini and two works of his son
Jacques. Cassini pére was an Italian who founded a dynasty of five
generations of astronomers, all connected with the Paris Royal Observa-
tory. The first Cassini made his mark by measuring the periods of rotation
of Jupiter and Mars. He then discovered that Saturn’s rings were divided
in two and cooperated in an experiment to determine the solar parallax.
The Library has his Abregé des observations, Paris, 1681, and his La
meridiana del tempio, published in B. na in 1695. Cassini has the
dubious distinction of being the last of the great astronomers to refuse to
accept the heliocentric theory of Copernicus. This stubbornness became a
family trait, as each succeeding generation seemed to defy the wisdom of
its times.

As the eighteenth century began, astronomy in its observational phase
began to flower. And with observation came the testing, refining, and
rebuilding of theory. Two British astronomers performed these functions
admirably. John Flamsteed, who became the first Astronomer Royal in
1676, spent literally a lifetime systematically charting the heavens. Over a
period of forty-three years he made an immense number of celestial obser-
vations and produced his Historiae coelestis britannicae, the first great star
map of the telescopic age. The Library has in first edition this massive
three-volume catalog of over twelve hundred pages and nearly three thou-
sand stars, which was completed by his two assistants and published in
London in 1723, six years after Flamsteed’s death. Although his lifework
was not marked by any great discoveries, his rigorous methods and pen-
chant for accuracy made astronomy a more practical science.

Edmund Halley, Flamsteed’s contemporary and sometime rival, is best
known for the comet that bears his name. The erratic comings and goings
of comets had long plagued and puzzled astronomers. Even Isaac Newton
was uncertain about whether his law of universal gravitation applied to
them. Halley’s exhaustive researches indicated that the comet of 1682 had
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Hevelus rivaled Tycho Brahe as the greatest
naked-eye astronomer—owing much of his ac-
curacy to the precision of his instruments. These
instruments were designed, made, and engraved
by Hevelius himself, and 1n volume 1 of this
work he proudly shows them off in thirty exqui-
sitely detailed plates. This one shows a six-foot
brass sextant being used by Hevelius and an
assistant to measure the angular distances be-
tween pairs of stars. The large sextant s cross-
membered in 1ron to prevent flexing and 1s finely
counterpoised with weights, ropes, and pulleys.
Hevelwus engraved this instrument 1n divisions of
one-twelfth of a degree or five minutes of arc
and he 1s shown using a micrometer to make fine
adjustments to his movable sight rule. Machinae
coelestis, 1673~79. Johannes Hevels.
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Thus decorative star map shows the adjacent
constellations Andromeda, Perseus, and Trnian-
gulum as depicted in Flamsteed’s mammoth star
catalog, British History of the Heavens. Pub-
lished in full after his death, Flamsteed’s work
was three times as large as Tycho’s and six times
more precise. Atlas céleste de Flamstéed, 1776.
John Flamsteed.
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orbits similar to those of 1456, 1531, and 1607. In his “Astronomiae
cometicae synopsis,” published in London in 1705, Halley expounded the
highly original theory that comets are not erratic but periodic, that they
belong to the solar system, and that they move arcund the sun in eccentric
orbits. This theory was proved when, sixteen years after his death, the
comet returned as he predicted, at the end of 1758. It has since returned in
1835 and 1910 and will be seen once more in 1986. His ‘““Astronomiae
cometicae synopsis” first appeared in the Philosophical Transactions of the
Royal Society, a journal which is in the Library’s collections. The Library
also has his Astronomucal Tables, published in London 1n 1752, ten years
after his death.

By the beginning of the eighteenth century, science was starting to show
its more practical side, and many individuals sought to apply theory to the
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problems of everyday life. Astronomy has always had 1ts practical side—
telescopes were first used for commercial rather than scientific purposes—
and no practical problem was more pressing to the British than the
determination of longitude at sea. If a navigator had a clock that would
run accurately at sea, he could keep it set for Greenwich time, calculate
the difference between 1t and local time, and astronomically establish his
longitude. In 1714, the British Parliament offered a reward of £20,000 for
a solution. The Library has a copy of this act—an early example of an
enlightened and desperate government attempting to promote scientific
progress. Results, however, were not immediately forthcoming. Nearly fifty
years later, John Harrison, a self-educated Yorkshire carpenter, gave his
“marine chronometer” to Nevil Maskelyne, Astronomer Royal, to test on
a trip he would make to the island cf Barbados.

Harrison’s ingenious device proved able not only to withstand the sway
of the ship but to compensate for changes in temperature as well, and his
chronometer met the degree of accuracy specified for the award. Using the
new instrument, Maskelyne determined the longitude of Barbados within
one minute, a significant improvement over the conventional method of
lunar distances, which entailed inaccuracies of four minutes. Four years
later, 1n 1767, Harrison published in London the thirty-one page Principles
of Mr. Harrison’s Time-Keeper, which described the solution to this long-
intractable problem. The Library’s first edition copy has ten plates taken
from the original drawings of the clock. Harrison received the full award
in 1773, only after the direct intervention of George III.

During the last quarter of the eighteenth century, astronomers enjoyed
the comfortable feeling that theirs was now a completed science, incapable
of revealing anything really new. This complacency was shattered in 1781
with the revelation by William Herschel, an Anglicized German, that he
had discovered a new planet—the first to be discovered in historic times.
Herschel himself did not fully grasp the nature of his discovery when on
March 13, 1781, using his own telescope, he first noticed an object
ressembling a disk rather than a point of light. His assumption that he had
discovered a comet was a natural one, and on April 26, 1781, the Royal
Society published his “Account of a Comet.” The Library has a complete
set of the society’s Philosophical Transactions, in which Herschel’s findings
appeared. Further observations revealed the object’s orbit as circular, and
by summer of 1781 Herschel was convinced that indeed he had discovered
a new planet.

Herschel was correct and the new body was named Uranus. Herschel’s
sister Caroline shared, from the beginning, in all of his astronomical work
and is known as the first important woman astronomer. Caroline Herschel
is represented in the Library’s collections by her Catalogue of Stars,
published in London in 1798. It is interesting to note that although she
prepared the lengthy tables for this volume and is credited as author, she
wrote not one word of the text—both introductions being signed by her
famous brotker, William.

By mid-nine eenth century, Uranus was still the most distant known
planet. However, studies had shown deviations of 1.5 minutes in the

ASTRONOMY: OBSERVING THE COSMOS

ERIC

Aruitoxt provided by Eic:

47




48 planet’s arc—an anomaly that could not be accounted for. Two men set
out to calculate the size and position of a hypothetical planet whose
presence would account for the deviations of Uranus. Neither knew of the
other’s work. Urban J. J. Leverrier, a Frenchman, and John C. Adams, an
Englishman, worked independently on this most difficult mathematical
exercise, and both succeeded in determining the probable path and place in
the sky of this hypothetical planet. Although Adams was first with his
calculations, Leverrier was the more fortunate in publishing his results and
then persuaded J. G. Galle of the Berlin Observatory to search for his new
planet at a certain spot in the sky. Galle thereupon made the optical
discovery of the planet later named Neptune.

Leverrier’s article postulating the existence of Neptune is found in the
June 1, 1846, issues of Comptes rendus (Paris). It was titled “Recherches
sur les mouvements d’Uranus.” Adams’s paper, “An Explanation of the
Observed Irregularities in the Motion of Uranus,” appeared in 1847 in the
Memoirs of the Royal Astronomical Society (London). The Library has
both of these journals. The significance of Neptune’s discovery is found in
the ability of the two men to predict the existence of a giant planet solely
by calculation. This was the most dramatic confirmation yet of Newtonian
theory.

Early twentieth-century astronomy is perhaps best represented by
Harlow Shapley’s Starlight, a popular work printed in New York in 1926
that marked the beginning of present-day galactic astronomy. The Library
has this small work in first edition. Shapley’s studies of globular clusters of
stars led him to postulate that the sun was not near the center of our
galaxy. His studies were thus the first to present a picture of our galaxy
that was close to its actual size. All previous estimates had been far too
small. So, as Copernicus had moved the earth from the center of the
universe nearly four hundred years before, now the sun itself was placed in
a less central but more accurate position.

Shapley’s matter-of-fact conclusion reminds us of the imphcations of
discoveries in modern astronomy.

The future history of the stellar system appears, indeed, thoroughly
independent of our temporary terrestrial career. Man’s station in this scheme 1s
not too flattering—an animal among many, precariously situated on the crust of
a planetary fragment that obeys the gravitational impulses of one of the millions
of dwarf stars that wander 1n remote parts of a gaiactic system. His place in the
universe, from the standpoint of dimensions, duration, or physicai influence, s
unimpressive; and his importance in some non-material way 1s a subject not
suited to scientific research or speculanon. We leave the subject here, noting that
man’s role as an investigator and would-be interpreter of the universe 1s
surpassingly fascinating, whether or not it is cosmically sigmificant.

Shapley’s closing words bring us to the opposite pole of Aristotelian-
Ptolemaic homocentrism. No longer is man the center of the cosmos and
the reason it exists. Yet despite our most ordinary place in the physical
scheme of things, we can take pride in the simple discovery and actual
acceptance of that truth—and this is the essence of the scientific method.
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Throughout its very long history, the tradition of astronomy has been
primarily that of observation. From Aristarchus of Samos to today’s as-
tronomers, whose extended eyes are telescopes fixed in space, the tradition
of observation has thrived in spirit and in practice. Until very recently,
astronomers could neither touch nor even closely observe the objects of
their science—their single option being in-place observation. All pre-space
age astronomy therefore was conducted necessarily by the naked eye or the
aided eye, and it was always one giant step removed from what it studied.
This physical limitation reduced the multifarious methods and techniques
of science to a single, straightforward act. It is a testimony to this grand
astronomical tradition that its greatest single idea—heliocentrism—was put

*forth during the era of naked-eye astronomy. This, in turn, explains the
essential astronomer—he sees what we do, but with insight and under-
standing. He not only observes, he percerves.
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2. Botany: From Herbalism
to Scrence

Botany is surely the most gentle of sciences. The careful observation of a
flower is a calm, unobtrusive action—the peaceful contemplation of a
beautiful object. Reduced to its essentials, botany requires no laboratory
but the natural world and few tools but the naked eye. Botany in 1ts most
scientific or purest form consists of seeking to know more about the plant
simply for the sake of that knowledge. Plants have not always been
regarded as worthy of knowing or studying in themselves, not on their
merits as sources of food or drugs but as life forms. In fact, the history of
botany can be viewed in terms of repeated rediscoveries of this one
theme—that plants are worthy of study in and of themselves, quite apart
from any use they might have for mankind.

The practical motives behind plant study should not be disparaged—the
bulk of our medical history, for instance, is made up of accounts of herbal
remedies. But the study of the medicinal properties of plants contained a
self-limiting mechanism—if a plant seemed to have no utilitarian value, 1t
was disregarded, and no further study of it was made. The Renaissance
attitude to nature changed this overly practical bent and initiated the
scientific study of plants.

Botany as a pure science has certain characteristics and makes certain
assumptions that prove thought-provoking and interesting. One of its
unspoken but basic assumptions is an implicit respect and regard for all
living things. The botanist who studies a plant’s structure or tries to
understand its functions confronts nature on its own terms. Investigations
of how a plant thrives or reproduces, or studies of the purposefulness of a
flower’s coloration and structure, are almost imphcitly egalitarian and
tautological. The botanist studies the flower because it exists, and because
it exists it is worthy of study.

This unspoken assumption is both healthy and productive. It treats the
natural world as at least an equal to man and does not subordinate it to
his ends. It stresses the interrelationships of all living things and leads us to
a better understanding of our role in nature’s balance. It is also a produc-
tive assumption, for it spurs a scientific process 1n which there is always
more to learn.

Botany also has its historical characters. Traditionally a one-to-one
process, doing botany is more often than not the individual person con-
fronting the individual plant-—often in its natural environment. But the
historical botanist was not always the local eccentric who would pad off
to the nearest primrose. Often he was an explorer or a wealthy traveler
who took up the science as a hobby and soon became intrigued by its
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To emphasize how different his work was (“ac-
cording to the features and likeness of the iving
plant”), Fuchs showed how the plates were
made and credited the articts. Here, upper nght,
1s Albrecht Meyer, drawing a plant from nature,
while across from him Heinrich Fiillmaurer
transfers the drawings from paper to wood-
blocks. Below 1s Vet Rudolf Speckle, who cut
the final woodblocks. De historia stirprum,
1542. Leonhart Fuchs.
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charm and its natural mysteries. The richness of botany 15 suggested by the
personalities of these masters. It 1s a science that attracted both the
rigorously methodical Linnaeus and the poetically inspired Goethe. It 1s a
science that combines the dryness of a classification scheme with the
artistry of the most dehcate and beautiful botanical illustrations. It 1s a
science that glorifies the humble garden pea.

Botany is marvelously represented in the collections of the Library of
Congress. Besides possessing the majonty of the botanical classics, the
Library has a collection of illustrated botamcal matenals that 1s outstand-
ing. The following pages offer a brief survey of some of the more sigmfi-
cant items.

As a scientist who first regarded plants as worthy of study for their own
sake and not solely for their utilitarian value, the Greek Theophrastus 1s
nghtly called the father of botany. Following his death about 287 B.c.,
eighteen centuries would pass before another outstanding pure botanist
would appear. During the intervening period, plant study was almost
completely dominated by practical considerations, regarding its objects as
foodstuffs or as components of a pharmacopoeia but seldom studying
plants for the sake of simply learning more about them. Theophrastus’s
scientific—or what was called philosophical—approach was unique even in
third century Greece, where nature was studied primarily from a teleolog-
cal standpoint, with man always its reference point.

Theophrastus 1s represented in the Library’s collections by his classic De
historia et causis plantarum, printed in Treviso in 1483. It 1s generally
regarded as the earliest work of scientific botany. Originally written as two
separate treatises, this incunabulum 1s devoted to detailed studies of a wide
range of specific plants. In it, the botanist discussed seeds, grafting, bud-
ding, and the effects of disease and weather on plants. He also described
their medicinal properties.

A pupil of Aristotle, Theophrastus went beyond the master’s practical
interest in plants. He classified plants, distinguished between and among
them, described them, and enumerated and defined their many parts. His
classification system was primitive, but 1t held until the mid-sixteenth
century. Most significant perhaps was his description of the formation of
the plant in the seed, which he likened to the fetus of an animal, something
produced by it but not a part of it.

The place of Theophrastus 1s unique both as the author of the oldest
distinctively botanical treatise extant and as the founder of botany.
Though his De historia et causis plantarum is not a great theoretical work,
it does contain all the essenual principles of what is today scientific
botany. Theophrastus observed. collected, and systematized his botanical
information. His botanical work was clear and accurate and contained
none of the fabulous and unscientific embellishments of plant lore. His
gentle criticism and dismissal of such irrational but popular beliefs as
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transmutation of plants presaged a modern scientific mind, but botany did
not see his kind again for centuries.

Although Pliny’s botanical work in no way approached that of Theo-
phrastus, his thirty-seven-volume Historia naturalis 1s the earhest popular
natural history book. Primarly an encyclopedic compilation, it was a
secondary work derived, as Pliny himself said, from some two thousand
volumes, most of which are now lost. Its significance, then, is as a
summary of ancient knowledge of the natural world. For the medieval
scholar, it became a standard reference work.
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This utle page s from a 1519 edition. Histora
naturals, 1519. C. Plimus Secundus.
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Dioscorides’s most prominent editor was the
late Renaissance Itahian physician and botanist
Pietro Andrea Mattioli. His masterwork, Com-
mentary in libros sex Pedacu Droscondis, was
first published in 1544 1n Itahan, and 1t was
phenomenally successful. As many as fifty edi-
tions in Latin, French, and German were pub-
lished before the end of the sixteenth century.
Thas illustration of the mandrake is taken from
the Library’s Laun edition, published in Venice
11 1558. The legend of the mandrake, whose
shape resembled a human figure, warned that
the semihuman plant would shriek when pulled
from the ground, causing madness or injury to
the person who pulled it up. Since the mandrake
was believed to have various narcotic, aphrodis-
1ac, and cathartic properties, it was obtained by
loosening the soil around the plant and attach-
ing a rope to both it and an ammal, usually a
dog, who would then pull the plant from the
ground. Commentari in libros sex Pedacu Dios-
coridis, 1558. Pietro Andrea Mattioh.

Pliny was not the most discriminating of Romans, and he included the
tantastic as well as the factual. Throughout his work flowed the theme of
nature 1n service to man. In this pragmatic perspective he was the most
Roman of the Romans. Plants, however, do occupy a substantial portion
of the work—sixteen of thirty-seven books. This work evinces little order
and certainly nothing resembling the scientific method. Pliny’s goal appears
to have been to record voluminously, and that he did—albeit with an
uncritical eye. Pliny’s Natural History, which the Library has 1n first
edition, dated 1469, is not only the first of the scientific classics to be
printed, it was also one of the earliest books produced by the first press in
Venice. Only 100 copies were printed.

The date of Pliny’s death is known with certainty, for he died during the
eruption of Vesuvius in A.n. 79. While in charge of the Roman naval fleet
near Naples, Pliny went ashore to view the cataclysm more closely. He
died from 1ts poisonous vapors.

In Lib. quarcum Diofcoridis.

MANDRAGORA MAS.

§35

MANDRAGORA FOEMINA.

A contemporary of Pliny, Dioscorides 1s said to have written the most
practically serviceable book that the world knew of for sixteen centuries.
His De materia medica, published in Colle, Italy, in 1478, consists of five
books. This incunabulum made available what had served as the authori-
tative source of herbal therapy for fourteen centuries. To the Sicilian Greek
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physician who wrote it should go the title of father of applied botany, for
it was his task to describe the medicinal properties of plants. Dealing with
some six hundred plants, Materia medica was lield in high esteem even to
the time of the Renaissance, and it was the first systematic pharmacopeia.

Dioscorides was widely traveled and became a much-experienced physi-
cian while serving the Roman armies. His advice on the medicinal
properties of plants reveals him to have been an objective observer free of
superstition. Concentrating mainly on the uses of plants, he nonetheless
did attempt a rational classification and can be said to have anticipated the
moderns in recognizing the natural affiliation of different species.

Soon after the invention of printing with movable type, many ency-
clopedic medieval manuscripts dealing with all aspects of health and
natural history were put into print. Most had significant sections devoted
to botanical matters, usually herbal remedies. Most were illustrated. The
Library has three of the earliest and most important of these natural
history encyclopedias.

Buch der Natur or The Book of Nature of Konrad von Megenberg, who
translated the original Latin into German, had a wide circulation. The
Library’s copy was printed in Augsburg in 1481, though the original was
compiled during the thirteenth century. Part of the book contains an
account of the medicinal virtues of a small number of plants. Its historical
significance is that it is the earliest printed work in which woodcuts
representing plants were used purposefully to illustrate the text, rather
than for decorative reasons.

De proprietatibus rerum was an encyclopedia written by the early
thirteenth-century Franciscan friar Bartholomaeus Anglicus for the com-
mon people. The Library has the French version published in Lyons
sometime after 1486, which is one of many later editions. Seventeen of 1ts
twenty books treat “de herbis et plantis,” dealing chiefly with their medi-
cal uses.

The Hortus sanitatis, most notable as a work on medicine, was pub-
lished in Mainz in 1491. This famous book also is wide in scope and deals
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From Buch der Natur, 1481. Konrad von
Megenberg. See p. 103.

In this tme wheel, the large middle circle con-
tains twelve vignettes, each showing an activity
appropriate to a particular month of the year.
Virtually every scene depicts an aspect of man’s
relationships to plants and planting. The outer-
most circle contains the twelve zodiacal sign.,
and the middle scene 1s one of opposites—
woman and man, summer and winter, warm
and cold, plenty and barrenness. The wheel or
the aircle was a ubiquitous medieval symbol for
perfection—the perfection of a year, the perfec-
tion of a life, the perfection of the universe. De
proprietatibus rerum, 1486. Bartholomaeus An-
glicus.




From Herbarium, 1483-84, Apuleius Barbarus.
See p. 103.
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This woodcut of acorus calamus may be styl-
ized, but the long, sword-shaped leaves and ins-
like flower make it recogmizable as a member of
the Arum family, today called sweet flag or
sweet rush. It grows in wet places (as the wading
bird indicates) and has a purple flower. The
plant’s stout and aromatic rootstock was valua-
ble to medieval herbalists and was used raw for
toothaches, boiled for a physic, or made into tea
for colic. Herbarius Latinus, 1499.
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with animals, fish, and minerals as well as botanical matters, It 1s very rich
in illustrations, with over one thousand small, crude woodcuts. Few of 1ts
drawings are original, with many of the illustrations as well as much of
the text being derived from earlier manuscripts.

Two of the early herbal works in the Library’s collections from which
such books as Hortus were originally derived are the Herbarium (Rome,
ca. 1483-84) and the Latin Herbal or Herbarius Latinus (Vemce, 1499).
As herbals, these books contained the names and descnptions of plants
along with their particular properties and uses. The former, attributed to
Apuleus Platomcus, sometimes called Apuleius Barbarus, may have had a
mnanuscript career of a thousand years before 1t appeared in print. It has
been suggested that its illustrations were made from metal plates and not
wooden blocks. The Herbarius Latinus is also regarded among the doyens
of the printed herbals. Upon printing, it met with immediate success and
came to be known under many titles. As was frequently true for the early
herbals, it was published anonymously and was a compilation of medieval,
Arabic, and classical authors. Its many illustrations are typical of the early
woodcut herbals—they are ofte.« formal and decorative, rather crude, and
not very natural. As illustrated medical recipe books, they represent botany
in its most practical or applied state.

These botanical works that numbered among the books produced during
the first fifty years of printing were thus popular holdovers from medieval
times. By the beginning cf the sixteenth century, the reorientation toward
nature brought about by the Renaissance had taken hold and botany was
to enter a new, scientific era.

The so-called “German fathers of botany”—Brunfels, Bock, Fuchs, and
Cordus—are represented 1n the Library’s collections by one of the most
famous, Leonhard Fuchs. His botanical masterpiece, De historia stirpium,
was published in Basel in 1542 and is regarded by many as the most
beautiful of all herbals. A large book, with over nine hundred pages and
over five hundred full-page figures, the work typifies the Renaissance
rediscovery of nature. Illustrated with living portraits of plants” or
“plants drawn from nature,” this work is a far cry from the popular
herbals of medieval Europe with their crude caricatures of plants. The
illustrations were the result of the collaborative work of three men:
Albrecht Meyer, who drew the plants from nature; Heinrich Fiillmaurer,
an arust who transferred the drawings to the blocks; and Veit Rudolf
Speckle, who cut them in wood.

Fuchs was a physician and his botanical interests, as evidenced by his
masterpiece, were certainly practical in nature. His plant subjects were the
traditional herbs and his treatment was that of a pharmacopeia. He
arranged his plants alphabetically and made no attempt at a natural
grouping or classification. Besides setting a new standard for plant illustra-
tion, Fuch’s work exemplified the new botany in its emphasis on firsthand
observation and its attempt to rigorously describe the habits, locales, and
characteristics of plants.

The Library also has a copy of his New Kreuterbich, a German version
of De bistoria stirpium, published in Basel in 1543. There are slight

THE TRADITION OF SCIENCE

65




BOTANY: FROM HERBALISM TO SCIENCE

3

CVCVMIS SATIVVS

VVLGARIS

Cocumcen,

66

This 1s onie of over five hundred full-page draw-
ings of plants in De historia stirpium. Fuchs
boasted that his work was itlustrated with ““{iv-
ing portraits of plants” and indeed, this cucum-
ber plant 1s a far cry from the popular contem-
porary herbals with their crude caricatures of
plants. De historia stirptum, 1542. Leonhart
Fuchs.
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Robert Hooke examined a thin slice of a cork
plant under his microscope and compared its
composition to the cells of a honeycomb. Al-
though Hooke had no conception of the nature
of cells as it is understood today and was not
really seeing hiving cells as such, he was the first
to observe and represent the cellular structure of
living tissue—a concept that would become one
of botany’s “big 1deas.” Micrographia, 1665.
Robert Hooke.
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ditferences between the two, with the new version containing six addi-
tional illustrations. Fuchs was later honored when a genus ke described
was named after hm—fuchsia.

By the mid-seventeenth century, botanical investigation was being con-
ducted not only in a more scientific manner but, n a sense, for its own
sake. Botany was no longer tied strictly to the use of plants, and the
emergence of lenses as aids to natural eyesight gave further impetus to
more intimate investigations of plants.

Three men are linked to the rebirth (after Theophrastus) of plant anat-
omy and physiology, and all were microscopists. The most famous was the
English mathematician and natural philosopher Robert Hooke. This versa-
tile and argumentative scientist constructed a compound microscope, the
first to resemble in any way a modern instrument, and promptly set out to
examine nearly everything he touched. Unlike a simple microscope (one
lens), a compound microscope has two lens systems—the eyepiece or
ocular at the top and an objective at the bottom. The advantage of a
compound microscope over a simple one 1s its greater magnification.
However, the compound sacrificed much fine detail until the achromatic
lens was introduced toward the end of the eighteenth century.

Hooke’s Micrographia (London, 1665) is the result of his examinations.
A first edition copy is part of the Library’s collection. Written in English
rather than Latin, this thick tome 1s copiously illustrated and its magmfi-
cent plates reveal some of the most handsome microscopic observations
ever made. Most were from designs by the author himself, but some may
have been made by Sir Christopher Wren. Hooke’s botanical contribution
in Micrographia and the discovery for which he 1s best remembered is that
of the porous structure of cork, being composed of what he called “cells.”

While Hooke was studying plant and animali alike under his microscope,
two men, Malpighi and Grew, were systematically examining vegetable
tissues under the microscope and laying the foundations of our knowledge
of plant anatomy. Marcello Malpighi was an Italian physician and anato-
mist who produced a comprehensive study of plant anatomy called Ana-
tome plantarum (1675-79). The Library’s copy of this folio-sized work
was published in London. Malpighi was a sharp observer with his micro-
scope, as well as an ingenious experimenter. Among his many discoveries
was that of plant stomata—the respiratory organs of plants. He saw them
and sketched them, but their function was for others to discover.

Nehemiah Grew, working meanwhile in England, also had a medical
degree but he, too, turned his microscope on plants. In The Anatomy of
Plants (London, 1682), of which the Library has a first edition copy, Grew
made available his extensive studies of plant structure, offering eighty-three
full-page plates of microscopic sections of plant stems and roots. More
important, it was here that the first statement of the sexual function of
flowers was made. Both men, their particular scientific discoveries aside,
demonstrated the scientific method at its best. Not accepting authority for
its own sake, both went directly to nature and with their microscopes
studied and literally probed the natural world deeply.
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Marcello Malpighi was another of the very early microscopists. In figure 106, he
shows what he discovered with his microscope on the underside of an oleander leaf,
It was not until the nineteenth century that the oval-shaped openings within this
network of fine veins were recognized as stomata—the respiratory organs of plants.
Anatome plantarum, 1675-79. Marcello Malpighi.
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Before botanical science could begin to mature and explore the structure
and workings of its living subjects, certain tasks had to be accomplished.
Perhaps the most essential among these was the job of classification. As
the seventeenth century ended, the state of botanical nomenclature was
chaotic at best, and a uniform terminology was badly needed.

John Ray, the son of a blacksmith, did much to order botany’s house.
Working all of his life toward that end, Ray published in his later years a
three-volume encyclopedia of plant life. This huge work described 18,600
different plant species, all arranged by a natural system of classification.
The three volumes in the Library’s collections were published in London
between 1686 and 1704 and were titled Historta plantarum. Totaling
2,996 folio pages, these three volumes do not contain a single illustration.
Ray’s accomplishment is particularly significant since 1t laid the ground-
work for the modern form of systematic classification of Carolus Linnaeus.

Linnaeus is the Latinized form of the name of Carl von Linné, the son
of a Swedish clergyman. To say he had a passion for classification is an
understatement, for he classified not only plants and animals but minerals
and diseases as well. In his methodical way, he traveled through 4,600
miles of northern Scandinavia, then later through west Europe and Eng-
land, observing plant and animal life (some results of which are covered in
chapter 3). In 1735 he published Systema naturae, in which he established
a method of classification or formal description of living things that 1s
essentially the one we use today. He established the principles of class,
order, genus, and species for all plants and animals. His second most
important contribution to botany was his binary or binomial system,
which is also still in use today.

Linnaeus was a purposeful individual who, early on, decided to devote
his life to the unique task of classifying all plants and animals and working
out a system that would remain valid and useful for all time. “1 thought
everything out by my twenty-eighth year,” he later explained. He subordi-
nated all botanical problems to that of classification and devised a system
whose simplicity made it readily acceptable. For flowers, he used their
sexual organs, especially the stamens, as a basis for classification. This
sexual method of classification was far more revolutionary for plants than
for animals and constituted a real breakthrough for botany. However,
neither Linnaeus nor anyone who read him could remain entirely unaware
of his system’s prurient possibilities. It is to his credit that he sometimes
dotted his work with a humorous touch, describing for example the class
Polyandria (one which has many male organs, such as the poppy) as
“Twenty males or more in the same bed with the female.”

His Systema naturae, first published in 1735, was constantly revised and
amplified as it went through many editions. The tenth edition was his final
version and is the standard for today. In 1778 when Linnaeus died, a
wealthy young Englishman purchased his books and collections. An apoc-
ryphal story says that the king of Sweden sent a warship after the British
vessel that carried this treasure to England. The purchaser became the first
president of the English biological association named the Linnean Society,
which still owns the collections and library of its namesake. The Library of
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Here Grew reveals the structure of five different
types of seeds. Although his chief contributions
were 1n the field of plant anatomy and not physi-
ology, it was Grew who first stated that the
flower contained the sexual organ of the plant.
The Anatomy of Plants, 1682. Nehemiah Grew.

Opposite page:

Nehemiah Grew was a Cambridge physician
who turned his microscope on plants. In this
highly detailed drawing of a cross-section of a
bean, Grew was the first to examine and de-
scribe the delicate structure of seeds. The Anat-
omy of Plants, 1682. Nehemiah Grew.
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Between 1799 and 1807, Robert
Thornton published A New lllustra-

tion of the Sexual System of Lin- W

naeus. This illustration was taken ‘

from the book’s third part, The Tem- :
ple of Flora. It gives examples of L

some of the major aspects of the Lin- ‘

naean system, which divided plants
into “classes” according to the num-
ber and arrangement of their stamens
or anthers. The twenty-four Lin-
naean classes were later subdivided
into orders according to the number
and arrangement of the female or-
gans. Thornton was a somewhat ec-
centric English physician who spent
his entire family fortune and more on
this spectacular example of botanical
romanticism. The Library has this
large work 1n first edition. Thirty-one '
of its one hundred and forty-nine
plates are n color. New Illustration
of the Sexual System of Carolus von
Linnaeus, 1807. Robert John Thorn-

ton,
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Congress has a facsimile of the first edition of Systema naturae (1735)
made from the first edition 1n the collections of the Amsterdam Zoological
Library. [his first edition is one of the more rare works 1n the history of
science. It consists of only seven folio leaves, five of which are printed on
both sides. The Library of Congress also has the enlarged second edition
and subsequent editions as well as the much-amplified tenth edition pub-
lished in 1758.

During the latter half of the eighteenth century botany and botanists
became increasingly specialized and more scientific in their methods. The
forerunner of the modern experimental method in botany was a country
vicar, Stephen Hales. Hales has been called the first genuine plant physiol-
ogist and the founder of experimental physiology of plants. Physiology is
tantamount to functions, and in Hales’s time (he was born in 1677) little
hard scientific knowledge was available as to how plants actually func-
tioned. In a series of ingenious experiments, many of which are still
repeated in the botanical laboratory, Hales measured rates of plant growth
and sap pressure. At a time when nothing was known of the chemical
composition of the air, Hales made the intuitive guess that “plants very
probably draw through their leaves some part of their nourishment from
the air.”

The Library’s first edition of his Vegetable Staticks (London, 1727) is a
small, battered book and contains not only the record of Hales’s clever
experiments but twenty detailed drawings illustrating exactly how they
were devised and conducted. Hales possessed a truly scientific mind and
always sought to give exact mathematical expression to his experimental
results.

This erperimental method and tradition were continued by a Dutch
physician, Jan Ingenhousz, whose Experiments upon Vegetables (London,
1779) contributed significantly to an understanding of the interrelatedness
of all life on earth. Ingenhousz was stimulated by the discoveries of Joseph
Priestley and Antoine Lavoisier concerning oxygen and carbon dioxide and
the respiratory process of animals. During the summer months of 1779,
Ingenhousz conducted five hundred experiments on plant breathing. He
discovered and demonstrated that plants take up carbon dioxide and give
off oxygen, but only in the presence of sunlight. In the dark, plants, like
animals, absorb oxygen and give off carbon dioxide. This discovery, as
revealed in his Experiments upon Vegetables, a compact work with no
illustrations which the Library has in first edition, laid the foundation for
our entire conception of the balance and economy of the living world.
Ingenhousz’s ecological insight was rot as correct as it might have been,
for he regarded the plant world as subsecvient to the animal world. He
failed to grasp the degree to which the opposite is true. Although the
significance of his work was not immediately appreciated, his discoveries
elevated botany to a much-deserved higher plane.

Nineteenth-century botany is known for its work in the field of cell
research. According to one of its practitioners, Matthias J. Schleiden, it
was a science which “will be the sole and richest source of new discoveries
and will remain so for many years.” Schleiden was trained as a lawyer but
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Stephen Hales’s controlled experiments on plant
physiology applied quantitanve principles of
weight and measure to the functions of a plant.
In Vegetable Staticks he describes figure 10:
“August 13. In the very dry year of 1723, 1 dug
down 2 + V2 feet deep to the root of a thniving
baking Pear-tree, and layed bare a root ¥z inch
diameter n.” Hales wanted to measure the suc-
tion force of roots and so placed the cut-end of a
root into a glass cylinder, filled 1t with water,
and closed the top with an airtighc seal. He then
inserted a glass tube with an airnght seal into the
lower end, turned 1t up while he filled 1t with
water, held his thumb over the opening and
quickly plunged 1t into a container of mercury.
In only six minutes, the roots had sucked water
from the tub wath a force sufficient to draw the
mercury up to level z. This and other exper:-
ments by Hales showed that the suction of roots
can overcome the force of gravity. Vegetable
Staticks, 1727. Stephen Hales.
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64 soon took up botany professionally. Tired of the dry systematization of his

/ time, he began studying plant tissue under a miscroscope and by 1838
offered the 1dea that the cell 1s the essential unit of the living plant. At the

EXPERIMENTS same time, Theodore Schwann was doing the same thing for animals.
UPON Schleiden identified and recognized the importance of the cell nucleus but

erred as to its origin.

VEGETABLES 745 Schleiden 1s represented in the Library by his famous Principles of

: - Dbuicoviaize ren Scientific Botany (London, 1849), translated into English from the original
Their great Power of purifying the German. Besides offering science the theory of the nucleated cell, this
Common°Alr n the Sun-hine, volume also performed another botanical service, for 1t replaced the bo-
| sus ey tany textbooks of its time. A well-organized and thorough work, 1t also
Tnjuring it in the Shade and at Night. gives a resumé of the many authors who preceded Schleiden, along with
. nni‘upup. his rather scathing comments and criticisms. Though critical of others,
A rew Mehet o nu‘il‘-iq the sorurato Schleiden was pathologically intolerant of any criticism of his own work—

a trait which characterized his generally unstable emotional makeup. As a
failed barrister in Hamburg, he attempted suicide by firing a gun at his
forehead. Fortunately he failed in this, too, and gave himself only a
superficial wound.
. _ Between the final two major botanical works to be mentioned 1n this
£° .‘ AN section, there exists a link of b'oth St'xbstancc and screndipity. One work is
. Deiatk T 5 R LMBL Y, e ;| a forty-seven-page article published in an obscure journal by a modest
SH PAYNE, is Pall M, tr79: Austrian monk who spent eight years breeding humble garden peas. The
e , other work is a two-volume study produced by a distinguished Dutch
il professor of botany. Both men worked out independently what have come
to be known as the laws of inheritance. Both worked with plants alone,
yet their scientific legacy applies to all living things. Finally, one of them

The elaborate title of Ingenhousz’s main work

porntedly describes what hundreds of exper:- discovered and revealed the overlooked work of the other.
ments on plants had revealed to him—that sun- The Austrian monk, Gregor Mendel, who bred tall and short pea plants,
hght was the driving mechanism or catalyst in also bred botany and mathematics. His years of breeding and cross-

M (13 . . . . .
plant breathing. “Their g'eEF power of pll:rlfymg breeding led him to conclude that there exists a constant numerical ratio
atin . . .. .
the common air in the sunshine™ meant that that determines the size and characteristics of succeeding generations.

the presence of light, plants give off what Priest- A
ley falled “vital agi?",(l())xygef) and taken “vi- Furthermore, he concluded that such characteristics as tallness or dwarf-

t:ated air” (carbon dioxide). In the dark, the ness existed in sex cells or gametes and that tallness is dominant. Mendel
reverse occurs, thus “injuring it in the shade and published his paper “Versuche iiber Pflanzen—Hybriden” or “Investiga-
at mght.” Ingenhousz had discovered an impor- tions of Plant Hybrids” in the Transactions of the Brunn Natural History

tant key to the balance and economy of the
natural world. Experiments upon Vegetables,
1779. Jan Ingenhousz.

Society in 1865, but his work remained ignored and unnoticed until 1900
when De Vries discovered it.

Thurty-four years after Mendel’s paper was published and sixteen years
after the good monk’s death, Hugo De Vries found Mendel’s seminal work
on hereditary characteristics. His discovery was not a simple literary find
by the result of a deliberate literature search for confirmation of data he
had already obtained. De Vries had sought to explain the one hole in
Charles Darwin’s theory—that of the unexplained manner in which indi-
viduals might vary. De Vries’s theory of mutation offered the idea that
sudden variations may occur in individuals, with a new species suddenly
resulting. It was in search of evidence to confirm this theory that De Vries
uncovered Mendel’s laws of inheritance. Upon discovering that Mendel
had worked out and proven his theory a gencration earlier, De Vries
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announced Mendel’s discovery and offered his own work as confirmation.
The Library has De Vries’s two-volume work entitled Die Mutationstheo-
nie (Leipzig, 1901-3) as well as the volume of Verhandlungen des Natur-
forschender Veremn in Briinn containing Mendel’s 1866 paper. De Vries
shares the distinction of this discovery with two others, Carl Correns and
Erich Tschermak von Seysenegg. Amazingly, each man independently and
unaware of the other followed the same research path and discovered
Mendel’s work. The separate publications of these three scientists appeared
nearly simultaneously in 1900, and each offered his work solely as a
confirmation of Mendel’s.

In the Library’s botanical collections there is a rich second tier of minor
classics, oddities, and simply beautiful books. Among the earliest of these
is the Opera botanica of Konrad Gesner. Gesner was a famous Swiss

D. CHRISTOPHORI IACOBI TREW
BREVIS HISTORIA FATORVM

EGREGII OPERIS BOTANICI
GESNERIANIL

EX VERNACVLA IN LATINAM TRANSLATA
PER

CCsS

LECTORI BENEVOLO.

mnibus ad prela inftraltis, etEditort traditls, quac huic Volumint infe.
renda erant, duolac de imo obitu *) Patroni ¢t Pro-
motoris Operum GESNERIANORVM., iluftris TREWH : futtuofsy
parizer artl noftrac, ac Reipublicac fac patriae, et amicis, dolkendo
mih: praccipue; cum abri mihi Fi ot ' q per quin.
que omnino huftra conlun@iffimus vixi animo, Rudiis, et per fexennium ctiam
officio, lnz:ablm x hac vita, mortem enim non dixerim Viri, cuius me.
moria poft fata durat e divtilime durabit, co magis me &enulﬁt. qQuo -nug
iflum rmuadmm; fed amicum, sb aliquot etfi annis fene@utis in.commo-
::F ifcentem. animi viribus sutem odec valentem credideram. Pro-
uceat endm fibl Vie Optimus, Hiftoriam Fatorum Operis GESNERIANI,
ofim in fubfidium laborum meorum mihi communicatam, ad incudem reuocas
re, ct fuo calamo ex la ins latinam + fiquidemilta huic Volu-
mini €x promiflis addenda erat. Paublo sutem poft,*) quod adlidionem non pa-
fum auxit, ptac, in quibus practer pauca “:T" ver.
ba, labor ifte ne quidem adfcBue, multo minue abfolucus crat, Cum alus fta.
tun 2on inuenisctur, neque res monmAdlutM paterctur, in me translata ¢
verhio-
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Gesner’s botanical work was first pubhished in
1751, nearly two hunared ; ears = fter huis death.
Gesner 1s portrayed on the night, with his char-
actenistic hat. Although Casimir C. Schmidel
was the editor of this two-volume effort, he s
not portrayed here. The prominent figure in the
center 1s the Margrave of Bradenburg, Schmi-
del’s patron, and the man on the left 1s Chris-
toph Jacob Trew, whose hibrary contained Ges-
ner’s unpublished botanical work. Opera
botanica, 1751-71. Konrad Gesner.
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The hyacinth and the anemone are two of the
flowering plants Robin described 1n this tiny

book. Historre des plantes, 1620. Jean Robin.

naturalist and is known today as one of the sixteenth-century “Ency-
clopedists”—scholars whose task it was to collect all known facts about
living things. Gesner was a contemporary of the German fathers of botany
and included botany among his interests. Although his best botanical work
was not published until two hundred years after his death, he was a man
of remarkable versatility and great learning. The Library’s Opera botanica
was published in Nuremberg (1751-71). It 1s a two-volume folio with
many hand-painted color plates of plants and ammals.

A little gem of a book usually overlooked and certainly seldom men-
tioned is Histoires des plantes, nouvellement trouvées (Pans, 1620) by Jean
Kobin. This diminutive, sixteen-page volume is generally considered to be
an extract from a larger work relating to plants of the New World. Robin
was a horticulturalist whose garden near the Louvre supplied the king’s
doctor and court with herbs. In 1601 he received the title of “‘arborst,
herbalist, and botanist to the king, curator of the garden of the faculty.”
With help from his son Vespasien, Robin had many plants imported into
his garden from many parts of the world. In particular, the black locust
tree that he obtained from America and planted in 1601 1n what is now
the Square Viviani by Saint-Julien-le-Pauvre, was named after him (“Robi-
nia pseudoacacia”). Most of the locusts now growing in Europe came
from that single tree, which still blooms every spring. Robin’s little bool: 1s
extremely rare and contains several interesting wood engravings of his
garden’s contents.

Joseph I:tton de Tournefort, a professor of botany at the Jardin Royal
in Panis, was considered 1n his time the leader of French botanical thought.
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In his Elemens de botanique (1694) he inventoried and described 8,846
plants known at the time and offered an artificial system of classification - -y
that was widely accepted until Linnaeus. This book underwent an essential Lycoperdlcop, Aoptec of love * ,
change in translation and emerged in English twenty-five years later as The

Compleat Herbal. The Library has the English version published in Lon-

don in two volumes dated 1719 and 1730. The translator was wise

enough to retain the original illustrations and even mentions them on the
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title page as “about Five Hundred Copper Plates . . . all curiously En- . :
graven,” *
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The Enghsh version of Tournefort’s
book was called The Compleat Herbal.
It was pubhished twenty-five years after
Elémens de botamique and was an essen-
tially different book. This illustration of
a love apple, or tomato, 15 accompanied
by the note: “The Italians cat the apples
as we do cucumbers, with pepper, oil
and salt; some eat them boiled: but con-
sidening their great moisture and cold-
ness, the nounshment they afford must
be bad.” The Compleat Herbal, 1719-
30. Joseph Pitton de Tournefort.

Joseph Pitton de Tournefort as portrayed in Robert Thornton’s book A New
Hlustration of the Sexual System of Linnaeus. In addition to providing botanical
llustrations, Thornton paid homage to the botanical heroes of his ime with such
honorific portraits. As a pre-Linnaean systematizer and professor of botany at the
Jardin Royal in Paris, Tournefort was one of the leading botamsts of his ime. New
Hlustration of the Sexual System of Carolus von Linnaeus, 1799-1810. Robert John
Thornton.
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From La botanique de ]. J. Rousseau, 1805,
Jean Jacques Rousseau. See p. 104.
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Although the genius and energy of Albrecht von Haller were devoted to
many other areas besides botany, his botanical work was significant. He
ranged from botany to mediane and anatomy, and he achieved distinction
as a poet, philosopher, and novelist as well. He 1s best known for his
pioneering work on the action of the nervous system, which laid the
groundwork for modern neurology. In botany, he contributed an outstand-
ing and indispensable bibliography. The Library has one of his large
works, Historia stirpium indigenarum Helvetiae (Bern, 1768), which de-
tails the flora of his native Switzerland in two folio volumes.

The name de Jussieu recurs throughout the history of botany, and this
one family produced eminent botanists for over a century. Bernard de
Jussieu, the most famous, created botanical gardens at the Jardin du Ror,
later called the Jardin des Plantes, in Paris, and at the garden of Le
Trianon at Versailles. At these gardens it was his task to arrange the plants
in the Linnean manner, so as to elaborate 1n a living way the “natural
system” of classification. Although Bernard published nothing, the Library
has the work Genera plantarum (Paris, 1789) in which his nephew, An-
toine Laurent de Jussieu, developed his uncle’s classification system.

The inclusion here of Johann Wolfgang von Goethe, Germany’s most
famous poet and dramaust, who ranks with the giants of literature, may
surprise some. But his forays into science were both genuine and produc-
tive. In botany, Goethe’s Versuch die Metamorphose der Pflanzen zu
erkliren (1790), or An Attempt to Explain the Metamorphosis of Plants,
advanced the theory that all plant structures are but modifications of one
fundamental organ, the leaf. In his botanical studies, Goethe coned the
word morphology and directed saenufic attention to the significance of
plant form and structure. In his belief in organic evolution, he was a
forerunner of Charles Darwin. Goethe’s scientific methods were at times
more deductive than inductive and often involved prolonged meditation in
place of nigorous examination. It is said that when Goethe explained his
botanical doctrine to Schiller, the latter commented, “This 1s not an
observation, it is an idea.” The Library’s copy of Goethe’s “idea” is a first
edition original published in Gotha in 1790. It is a small, thin, unassuming
book with no illustrations.

The work of Erasmus Darwin, grandfather (by his first wife) to the
famous Charles Darwin, has been eclipsed by the latter’s great accomplish-
ments. Yet Erasmus was a noted scientist in his own night and became the
first to state the thesis of the inhentance of acquired characters. His
espousal of this incorrect theory preceded Lamarck. The Library has a
copy of his Zoonomia: or, The Laws of Organic Life (Dublin, 1794-96)
as well as Phytologia (Dublin, 1800), a botanical work published two
years before his death. Interestingly, Erasmus Darwin was the grandfather
(by his second wife) of another famous scientist, the English anthropologist
Franais Galton.

Although Jean Jacques Rousseau is best known for his political and
philosophical writings, he also wrote a general botanical textbook, pub-
lished in 1771. This popular work, along with his other botanical writings,
helped to further the general appeal that botany was experiencing during
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the late eighteenth century. The Library has a collection of his botamical 69
work, La botanique de |. |. Rousseau (Paris, 1805), published twenty-
seven years after his death. This lovely volume contains sixty-five color
plates, made after the paintings of Pierre Joseph Redouté. As perhaps the
greatest of all the French flower painters, Redouté contributed to over fifty
books during his long career. The Library has in its collections the best
<nown of all his works, the spectacular illustrated volumes entitled Les
roses. Published in Paris in three volumes between 1817 and 1824, the
Library’s copy is the rare folio edition—one of only five copies made and
printed on vellum paper with a double set of plates, black and white and
color. Not only is it a most beautiful book, Les roses is also significant as
a record of botanical knowledge of the genus Rosa.

In his botanical writings, Rousseau called for a purer science of botany
and noted that when one is ““‘used to looking at plants only as drugs or
remedies . . . one does not imagine that the structure of the plant 1s worthy
of attention in itself.” Christian Conrad Sprengel took Rousseau’s advice
about the worthiness of botany to an extreme. As do some geniuses,
Sprengel became so single-minded in his devotion to his studies that he
neglected all else. It was his particular scientific passion to observe plants
and flowers in their natural state—a consuming task which led him tc
neglect his duties as rector of Spandau College. Sprengel was eventually
dismissed and led a solitary life in Berlin. His contribution to botany is
contained in his Das entdeckre Gehemmniss der Natur 1m Bau und in der
Befruchtung der Blumen, translated as The Discovered Secret of Nature in
the Structure and Fertilization of Flowers (Berlin, 1793).

In this work, Sprengel hit upon the real connection between the flower
and the bee—specifically that the whole structure of the flower of nectar-
bearing plants is directed to fertilization by insects and can be interpreted
only by considering the function of each part in relation to the insect
visits. Sprengel had indeed revealed one of nature’s wondrous secrets; yet
when his work received only scant attention he abandoned botany forever,
and with some bitterness took up philology instead. The Library’s copy of
Sprengel’s work was published in Leipzig in 1894, one hundred years after
the first neglected edition.

Botany was one of the sciences to benefit most and to grow from the
eighteenth-century practice of carrying naturalists on exploratory sea voy-
ages. The earliest major ocean voyage of this kind was the Pacific trip of
the Endeavour, which began in 1768. Under the auspices of the Royal
Society and captained by James Cook, the Endeavour set off with scientific
goals that were primarily astronomical and geographical but the voyage
resulted instead in a natural history windfall. On board the Endeavour
during its first Pacific trip was Joseph Banks, who later became president
of the Royal Society, Daniel Solander, botanical student of the famed
Linnaeus, and Sydney Parkinson, natural history artist. On the first voyage
alone, Banks and Solander collected an estimated one hundred new fami-
lies and a thousand new species of plants.

The idea of publishing illustrated accounts of Cook’s voyages was in
Bank’s mind even before the Endeavour departed from England. The very
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From Les roses, 1817-24, Pierre Joseph Re-
douté. Seep. 105.
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Captain Cook’s voyage around the world took
1,051 days, leaving England on August 25,
1768, and returning on July 12, 1771, During
this ime, the Endeavour made landings at Ma-
deira, Rio de Janeiro, Tierra del Fuego, Society
Islands, New Zealand, Australia, Java, Cape of
Good Hope, and Saint Helena. Sydney Parkin-
son was the sole botanical artist on board and he
made his plant drawings from living specimens
collected by Joseph Banks and Daniel Solander.
Parkinson died at sea on January 26, 1771, after
contracting dysentery at Java. His plant draw-
ings constitute one of the most important scien-
tific, hustorical, and aruistic products of the voy-
age. Here, a black-and-white engraving based
on Parkinson’s color drawing of a morning
glory is shown. It is from a recent publication,
Captain Cook’s Florilegium, 1973. Plates copy-
right © 1973 The Trustees of the British Mu-
seum (Natural History), London.

first voyage had its own artist, the talented young Quaker Sydney
Parkinson, whose purpose it was to illustrate and thus document newly
discovered animals and plants. William Hodges, a blacks.nith’s son who
became a royal academician, served on the second of the Endeavour’s
voyages and John Webber, the son of a Swiss sculptor, on the third. A
series of unforeseen and unlucky circumstances seemed to plague all efforts
to publish the work of these artists, however, with the result that the bulk
of Parkinson’s work, now in manuscript in the British Museum of Natural
History, was never published. Hodges’s and Webber’s work, too, remains
in other institutions and in private collections.

Parkinson died during his voyage and the Library has his book A
Journal of a Voyage to the South Seas, published posthumously in 1773. It
also has a significant 1973 publication, Captain Cook’s Florilegium, pub-
lished in a limited edition of 100. This recent work contains a selection of
black-and-white engravings based on Parkinson’s color drawings. All of its
engravings are botanical.

A later example of botany benefiting from a nautical connection is the
work of Alexander von Humboldt, a most extraordinary man of umversal
talents and interests. In 1799, he began what was to be a five-year visit to
the Americas—three years of which he spent in South Amecrica. Humboldt
studied the natural world in all its variety—from fertilizer and ocean
currents to volcanoes. The primary botanical result of his excursion was
his Essai sur la géographie des plantes (Pans, 1805), written with his
botanical assistant A. J. A. Bonpland.

Plant geography, which may be described as the study of the general
principles that determine the regional distribution of plants throughout the
world, hardly existed before Humboldt. It was he who had the vision to
view the plant world on a gigantic scale and to search for laws that might
govern the nature of these full landscapes. This universal, all-embracing
approach was essential to botany becoming a mature science.

The Library has a facsimile of the 1805 edition of Geography of Plants.
It also has a Latin edition of De distributione geographica plantarum
published in Paris in 1817. This copy belonged to Thomas Jefferson.
Humboldt met with then-president Jefferson on his way back to Europe
from South America and presented him with this inscribed copy. The
Library also has a German edition published in 1807, Ideen zu Ener
Geographie der Pflanzen.

Last to be mentioned among these second-tier masterpieces is the work
of Julius von Sachs, professor of botany at Freiburg-im-Breisgau and later
at Wiirzburg. During the mid-nineteenth century, Sachs’s researches in
plant physiology contributed to a new, comprehensive view of plant me-
tabolism. His rigorous studies of plant nutrition revealed the cataiytic role
of chlorophyll in the presence of light and gave botanists a real under-
standing of photosynthesis. Sachs was also the finest textbook writer of his
time, and his Lebrbuch der Botanik, first published in 1868, was a major
influence in the eventual emergence of botany as a comprehensive disci-
pline. Hugo De Vries attributed his interest in plant physiology to his
reading of this book. The Library has this work, which also contains
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Sachs’s espousal and application of Darwin’s theory of evolution to plants,
in its 1873 Leipzig edition.

After Sachs, the focus of botanical research and interest was 1n the area
of genetics, where recent advances have taken the botanist to the molecu-
lar level. Progress there has been such that the propagation of new life
forms seems possible. Thus, as often happens in science, old discarded
ideas assume renewed vigor and relevance with the passage of time and the
dawn of greater understanding. Though this chapter began by praising a
third-century B.c. Greek for his dismissal of the popular but “unscientific”
notion of the transmutation of plants, such a notion could very well be at
the forefront of botanical research before the end of this century.

The tradition of botany is found deep within its herbal past. Long
before there was any awareness of science as a human activity there was a
purposive, albeit practical and exploitive approach to the natural world
that was, in its own way, scientific. At some early point in man’s existence,
all vegetative life must have seemed as one, and when distinctions among
plants were made, it was usually on the basis of their supposed usefulness.
Although this pragmatic approach led to many discoveries and the accu-
mulation of much information, its one-dimensional focus prevented much
from being learned. Scientific botany only really began to emerge with the
Renaissance discovery of the natural world. Once nature came to be
regarded as an intrinsically worthwhile domain—irrespective of man—
modern botany was inevitable. With this new attitude, the ancient science
of Theophrastus that had been forgotten was rediscovered and wedded to
the rich but limited herbal tradition, thereby producing the hybrid of
modern botany.
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3. Zoology: Our Shared
Nature

If a fascination with the workings of nature and a desire to understand
them defines mankind as an intellectual or reasoning race, then a genuine
regard for the animals of nature makes us a compassionate, even esumable
species. Well over two millema ago Aristotle warned against easy patromiz-
ing of the animal world: “We must not betake ourselves to the considera-
tion of the meaner animals with a bad grace, as though we were children;
since in all natural things there is somewhat of the marvelous.”

Interestingly, Aristotle likens man’s feelings of superiority over the ani-
mal world to a child’s natural but incorrect assumption that the world
exists for his pleasure. His simile is especially apt, for with both a child
and a scientific discipline, the process of maturing invoives the recogmtion,
understanding, and acceptance of things as they are. As the branch of
biology dealing with the animal world, zoology took a long time to grow
up. And unlike some disciplines, it had no real unifying theory unul little
over a century ago. Until Darwin, the history of zoology was an incom-
plete tale—a story rich in detail with a great deal of character but one
with no recurring theme or unifying plot.

As the Greeks did with nearly all the sciences, they set zoology off on
the right road, but with their decline, the scientific pathways became
overgrown and were finally lost. Zoology then set upon a sometimes
fantastic journey from the mythical, moralizing bestianies of medievar times
through the rigid classifying methods of the eighteenth century 2nd the
charm and naiveté of its popular natural history phase to the broader,
sounder science of more modern times. Despite these scientific ups and
downs and the vagaries and trends of scientific fashion, the core phenome-
non of zoclogy has remained constant throughout—the phenomenon of
life. Life and its perpetuation was what the animal world seemed to be
about—indeed, the only thing it seemed to be about—and until Darwin,
there was no one large encompassing idea under which the lush vanety of
ammal life could be gathered and related to one another.

The sensitive subject of man’s own physical nature and origin had a
great deal to do with zoology’s late development, since religious dogma
dictated an essential and necessary distinction between animal and man,
placing animals in a separate and decidedly inferior position. The concep-
tual revolution implicit in Darwinism was its renunciation of this distinc-
tion and its espousal of the epposite notion that ali the varied form. and
phenomena of life are part of a connected whole. The implications of
Darwin’s theory outside of science are broad and deeply felt—morally,
socially, and politically. His removal of mankind from its self-appointed
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Opposite page:

In what has been described as “the first compre-
hensive monograph on the anatomy of an ami-
mal,” Carlo Ruiru described each part of the
horse’s body aud offered advice on the nature
and treatment of its diseases. In style, detail. and
beauty, the book’s illustrations are obviously
patterned after Vesalius's landmark work on
human anatomy. Ruin1 was a Bolognese aristo-
crat and a high-ranking lawyer. He pointed out
to his feillow Italians that their respected ntle
“cavaliere,” which denoted valor, courage, and
nobility, was derived from this most worthy and
noble animal. Dell’anotona et dell'infirmta del
cavallo,1598. Cario Ruini.
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“most-favored-species” status offers a metaphor of seemingly unhimited
application. But within the realm of science alone, his recogmition of the
oneness of nature transformed a static, satisfied discipline dominated by
taxonomy into a dynamic and truly modern science.

Darwinism need not be regarded as the second fall of mankind. It can
just as easily be viewed as the overdue elevation of the rest of the animal
world to its rightful place. With this leveling out has come a shght
conceptual shift in how we perceive our fellow beasts. Given the premise
of a primor.ial kinship and a continual process of change, the study of
animals not only becomes a worthy subject on its own merit but assumes a
further, almost practical significance to mankind. Simply, we can learn
more about ourselves by knowing better the great variety of animal life
with whom we share this planet. A healthy respect, even reverence, for our
fellow beasts need not be patronizing or anthropomorphic, but rather
should result in a greater understanding of ourselves and our world.

Zoology is a wonderfully attractive science, as varied, surprising, and
interesting as its living subjects. Encompassing the protozoan and the
peacock, the mollusk and the man, it seeks to understand the mystery of
life. Its subjects move, breathe, reproduce and are as bounteous, willful,
and autonomous as nature itself. The following will trace, through the
collections of the Library of Congress, mankind’s intellectual efforts to
comprehend this richness and to make a real science out of its work. The
story ends with Darwin, who gave zoology its much-needed theory—a
theory that has proven sufficiently strong and flexible to incorporate vir-
tually all of the major twentieth-century biological discoveries and one that
continues to endure.

From the beginning, mankind always has shared some sort of link with
the animal world. The earliest and most primitive was surely that of
hunter and prey—with man possibiy playing the fatal role of victim, only
later to reverse those roles as he became .nore skilled and intelligent. The
later domestication of certain animals, along with the discovery of agricul-
ture, made for a more senled and stable ¢istence and was an essential
«tep in the not-so-orderly process of becoming civilized. However, the
intellectual distance between regarding an animal as the source of dinner
or of material comfort and considering it a worthy subject for study,
whose nature and habits are worth knowing and understanding for their
own sake, is considerable.

Not until Aristotle did the animal world become a subject for serious
scientific study. Although he wrote on seemingly every subject, Anstotle’s
work in zoology—studying animals as animals—is considered his most
successful. He seems to have had a natural affinity and curiosity about the
living creatures of the world and he took a special interest in marine life.
His zoological writings reveal him to be a remarkably astute observer of
the natural world, who wedded his observations to what might be called
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speculative reason. He was therefore a theorist as well. His overall theory
was simple: nature was intrinsically purposive. “In the works of Nature,”
he said, “purpose and not accident is predominant.” A thing is known
then, when we know what it 1s for. He linked theory and practice by
saying that interpretation of an observed phenomenon must always be
made in light of its purpose. His zoological theory was thus a reflection of
the essentially telelogical nature of his overall philosophy.

Aristotle is called by many the first zoologist, and indeed he may be said
to have started almost from scratch. “I found no basis prepared, no
models to copy,” he wrote. What he described modestly as “the first step
and therefore a small one,” resulted in a body of zoological work that was
to remain dominant for well over a millenium. His major zoological
treatises are three: De historia animalium, which outlines the observed
facts, catalogs animals, and describes thom mostly in terms of anatomy;
De partibus animalium, which contains most of his physiology and at-
tempts to explain the structure of animals in terms of function; and De
generatione animalium, which discusses reproduction and development.
Not surprisingly, it was these three works which, after the invention of
printing, made up the first zoological compilation. Published in Venice in
1476 under the overall title De animalibus, this work in Latin contained a
total of eighteen books and discussed over five hundred different animals
The Library has a copy of this first printed edition.

Although Aristotle’s work contains many incorrect generalizations—
falsehoods that were later slavishly accepted along with his true state-
ments—his major emphasis on observation and his attempts to construct a
systematic method of vicwing the animal world established the science of
zoology. Apart from being the first orderly storehouse of factual informa-
tion about the animal world, Lis work in zoology accomplished something
even greater. It pused the proper questions—questions of anatomy, physi-
ology, morphology, and classification, among others, which were central to
the science of zoology. Unfortunately, with the decline of Greece, this basic
method of scientific inquiry was soon eclipsed in a world hostile to the
rational approach.

Nearly four centuries after Aristotle, when the Romans ruled the known
world, a Roman scholar of universal interests wrote a natural history that
was in fact an encyclopedia of the knowledge of the ancient world. Gaius
Plinius Cecilius Secundus, called Pliny, was a governmental official and a
military leader, yet he found the time and energy to write not only the
Historia naturalis in thirty-seven books, but sixty-five more books on other
subjects. Of his thirty-seven volumes, five are concerned with zoology.
Although little if any part of the Natural History is original, it 1s precisely
its secondary nature that makes it so significant. Pliny referred to some
two thousand previous works as sources and scrupulously acknowledged
each one. His work has been described as unorganized and indiscrirminate,
including as it did both the factual and the fantastic with seemingly little
distinction, but uncritical and derivative as it is, Pliny’s Natural History is
a mine of historical information. In it are preserved both the knowledge
and the error of many an ancient and now-lost text. His zoological books
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Anstotle has been described as a ore-man uni-
versity, given the breadth of his intercsts and
abilities. That the study of ammals was among
his primary concerns 1s mamfested in his zoolog-
1cal treanises, which make up a fourth of his
enure corpus. His object and methods were sim-
ple and direct: to idenufy the formal groups of
ammals, to classify them, and to explain their
functions. Not much escaped his eye or ear. He
knew, for example, that the partridge would
attempt to lure the hunter away from its young
by limping and pretending to be wounded. He
also correctly classified the dolphin with land
ammals rather than with fish.

The empty space near the top left of this page
was left blank for a rubricated capital letter A,
which obviously was never done. In the center of
the space 1s a tiny guide letter g, telling the
rubricator (who was not always hterate) which
letter to draw. De ammalibus, 1476. Arnistotle.
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also contain as much myth as fact. Pliny had a natural sense of the
marvelous and transmitted stories of many a strange race of men, later
called “wonder people” by the medievalists. His sections on beasts include
the unicorn and the phoenix as well as more commonly seen animals. He
made no attempt to give any real description of an animal’s internal or
external structure, as Aristotle had done. Nonetheless, this seemingly un-
scientific treatise became one of the most widely used textbooks during the
next fifteen hundred years and was the main source for all who sought to
know more about the animal world. The popularity and stature of the
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Histora naturalis was such that it was included i the first wave of
classical scientific works to be printed. The Library has the firs. edition,
which was printed in Venice in 1469. This 1s an exceedingly rare incuna-
bulum, of which only 10C copies were printed.

The impulse to wonder and to mar.e! at the natural world so obvious
and fresh in Pliny’s work was indulg  !lv hy the anonymous author of a
treatise that appeared sometime between the second and fifth centuries.
Titled the Physiologus, this work was to have a circulation and an appeal
as wide as any save the Bible. The author made little or no attempt to
compose a real natural history. Rainer, he or she told fables using animals
as actors in the stories. Quite often they were tales of fantastic creatures,
invented so as to tell a better story, among them the siren, unicorn,
phoenix, and ant-lion, a short-lived animal that resulted from an unnatural
coupling of an ant and a lion. These stories were usually allegorical, and
like all good edifying tales, each had a moral.

During the Middle Ages, as religion came to be a dominant force in
everyday life, no preaching text proved more useful or more popular than
the Physiologus with its animal symbolism. Its blend of allegory and magic
appealed to the medieval mind. Editions appeared in both Latin and Greek
as well as in many vernacular languages and their dialects. Throughout the
centuries, the original text was modified and expanded, and by the twelfth
and thirteenth centuries the Physfologus had become one of the leading
picture books of its time. The Library’s copy of this most famous natural
(but unnatural) history book was published in Rome in 1587. The text of
this version is in Latin and Greek, with its title transliterated as Peri ton
physiologon.

Toward the middle of the thirteenth century, a work on falconry ap-
peared that was in the traation of Aristotle and therefore quite unlike the
fantastic Physiologus. Titled De arte venandi cum avibus, it was a serious,
scientific account of the habits and structure of birds. Based on observa-
tion, the book is strikingly modern to our eyes in that it is completely
factual and rejects the medieval penchants for authority and magic. Still
more vemarkable is the fact that its author was Fredenck II of Hohenstau-
fen. Frederick was the grandson of Frederick Barbarossa, and he became
the Holy Roman Emperor and leader of the fifth crusade. He stands 1s a
beacon of enlightenment in a confused age. Half-Sicilian, half-German, he
grew up exposed to the heritage of Jewish, Moslem, and Christian cul-
tures, living as he did in cosmopolitan Norman Sicily, and was nourished
by all of thera. Patron of the arts and sciences and founder of universities,
this contentious and unpredictable iconoclast wrote what was in his time a
zoological masterpiece. The Libraty has the first printed edition of his
work, published in Augsburg in 1596.

Frederick’s contemporary Albertus Magnus, the famed “Doctor univer-
salis’ of the thirteenth century, turned to natural history late in his life.
Although the bulk of his writings deal with theology and philosophy, his
De animalibus is significant to zoology 1n two ways. First, it redirected
attention back to Aristotle—and therefore stimulated a greater interest in
the natural world. Second, its descriptive approach to animals and its
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The popular bestiary Physiologus was one of the
best known and most widely read books of the
Middle Ages. As a work which drew upon ami-
mal legends and pseudoscience common to In-
dian, Hebrew, Egyptian, Greek, and Roman cul-
tures, 1ts moral tales always had a fascinating,
exotic quality about them. Never intended as a
zoological treatise, Phystologus offered animal
allegories that were not only moralizing fables
but stories that tried to reveal something about
God’s nature by interpreting how the Creator
revealed himself symbolically 1n his creations.
The story told about the eagle 1s one of renewal.
Physiologus says that when the eagle gets very
old, his wings become heavy and his eyes grow
dim. He then fhies toward the sun, burning away
his wings and the dimness of his eyes, and de-
scends to bathe himself in a fountain. He 1s
restored and made new again. Like the eagle, we
are told, mankind will be renewed by the foun-
tain of baptism. Per: ton physiologon, 1587.
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Frederick 1I’s book 1s far more than a treatise on
hunting, for it displays a wide knowledge of
aviananatomy and habits. The book symbolizes
the character of Frederick himself, as an impor-
tant transitional figure bridging medieval and
modern culture. It was written with an almost
modern spirit of investigation and experimenta-
tion and even went as far as correcting Aristotle.
Frederick Il was a versatile and interesting ruler
who opened himself to all cultures and philoso-
phies and took what he thought the best from
each. As a Christian king who kept a harem, he
was called the “baptized Sultan of Sicily.” Not
surprisingly, the arts as well as the sciences blos-
somed under the enlightened and liberal Freder-
ick. Frederick 1Is son Manfred was king of Sic-
ily from 1258 to 1266. Manfred revised his
father’s work, and 1t 1s Manfred, not Frederick,
who 1s shown here with two falconers. De arte
venand: cum avibus, 1596. Friednich 11

incipient skepticism of such works as the Physiologus mark it as a transi-
tional work of the era before the scientific revolution. His De animalibus
was first printed in 1478 in twenty-six books. The Library’s copy is the
1495 edition printed in Venice.

Since Albertus came to the study of ammals rather late 1n his career, it 1s
not surprising that one of his prime sources was the work of a former
pupil, Thomas of Cantimpré. Like Albertus, Thomas was a Dominican
friar, and as a true encyclopedist, he spent nearly fifteen years writing the
De natura rerum. His major work was composed of nineteen books, well
over a third of which dealt with animals. Although his books contained
some moralizing, overall they attempted to consider most animals as
natural phenomena to be accurately described. Thomas’s work had a wide
circulation in manuscript form and one hundred years later was translated
into German by another cleric, Konrad von Megenberg. Konrad’s work,
entitled Buch der Natur, was much more than a direct translation, for he
reworked the entire treatise—deleting what he thought incorrect, embel-
lishing other parts, offering criticism, and generally revising. With the
invention of printing in the next century, Konrad’s Buch der Natur was
printed in Augsburg in 1475. The Library has the 1481 Augsburg edition
of this work, which stands as the first printed book tc contair figures of
ammals, as well as the first major scientific book printed in German.

Another encyclopedist and contemporary of Albertus and Thomas was
the monk Vincent of Beauvais. A man of immense industry about whom
little is known, Vincent aptly called his great compilative work of eighty
books the Great Mirror—or the Speculum majus. Of parucular interest are
its first thirty-two books, called Speculum naturale. There Vincent uncriti-
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cally assembled a virtually complete collection of animal fact and lore—
taken from Arabic and Hebrew as well as Greek and Latin sources. The
Library’s copy of Speculum naturale has no publication date, although it is
known that the whole of the Speculum was printed in Strasbourg by
Johannes Mentelin during the period 1473—76. The two huge volumes
have vellum-bound wooden covers and many rubricated initials.

By the sixteenth century, the Renaissance spirit of inquiry had as much
effect on zoology as on other disciplines, but zoology had no Copernicus
or Galileo. No genius came forth to redefine and to revolutionize the
science, to form it, to map out its scope, or to offer sweeping new unifying
ideas. Instead, zoology was formed as a modern science in the sixteenth
century by well-read univ rsal types whose dedication and workmanlike
performance laid a solid if undramatic base for the new sciencs of animals.
Progress in zoology had been hampered by the discipline’s apparent lack of
immediate utility, but with the great geographical discoveries of the late
fifteenth century, fascination for new life forms caused the more familiar
forms to be regarded in a new light. Original research and direct observa-
tion were only beginning to become part of a standard method, yet a
major advance had been made.

During this important time, four individuals born within fifteen years of
each other and each trained in medicine emerged as the great names of
Renaissance zoology. First among them is Konrad Gesner. Gesner was a
Zurich physician of wide-ranging interests whose work habits could only
be described as compulsive. Among his many publications, the Historiae
animalium stands as the most authoritative zoological study since Aristo-
tle. This enormous work consists of five folio volumes containing some
thirty-five hundred pages and one thousand woodcuts. The first four
volumes, published in the period 155158, deal with quadrupeds, birds,
and fish. The fifth volume, dealing with snakes and scorpions, appeared
posthumously in 1587. The Library has the first edition of Gesner’s first
four volumes, published in Zurich.

Gesner used Aristotle’s principles to arrange the animals and then
treated them alphabetically within those groups. Each animal was dis-
cussed in eight different aspects—ranging from habitat and description to
the animal’s usefulness to man. Gesner also attempted to have a picture of
each animal accompany the description, “so that students may more easily
recognize objects that cannot be very clearly described in words,” and
some consider his emphasis on illustration as a zoological aid to be his
most original contribution. These woodcuts were done by the eminent
artists of his time and, although sometimes crude, they were sufficiently
realistic to act as a valuable supplement to Gesner’s dense and comprehen-
sive text. Gesner was indefatigable and conscientious in whatever he did.
His reputation for both work and accomplishment was widely recognized
and admired, and his contemporaries called him “Plinius germanicus,” the
German Pliny.

In 1565, Gesner died of the plague, having contracted the disease from
his patients. His Historiae animalium stands as the best purely zoological
work of the Renaissance period, and it endured as the most authorita ive
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Konrad von Megenberg’s popular Buch der Na-
tur depended heavily on its illustrations. This
illustration shows the “wonder-people” as well
as other monstrous animals—illustrating
legends that hark back to Pliny and before.
Megenberg distinguished between human
“monstruosi,” wonder-people with souls or hu-
man beings born deformed or malformed, and
monstruosi without souls, which he says are not
truly human. He does not account for the origin
of these soulless wonder-people nor does he ex-
plain how to differentiate, except to say that the
latter are not born of women. Buch der Natur,
1481. Konrad von Megenberg.
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Konrad Gesner’s massive Historiae animalium
stands as the best purely zoological work of the
Renaissance period and remained the standard
reference work for two centuries. It contained
over one thousand woodcuts. These vivid im-
ages show three different types of whales—each
a fearsome monster. The top image shows a ship
being sunk by a whale. The middle depicts a
captured whale being flensed. The bottom 1mage
curiously shows endangered sailors on the back
of a whale, having anchored to the beast 1n the
mistaken belief that 1t was anisland. The coarse-
ness of these woodcuts adds to the ferocity of
the sea monsters. Gesner included scores of such
fanciful creatures in his Historiae amimalium,
indicating that scientific zoology was still in 1ts
infancy. Historiae arimalium, 1551-58. Konrad
Gesner.

standard reference work for nearly another two centuries. The work saw
many editions and translations, with The Historie of Foure-footed Beastes
by Edward Topsell being the earliest and best English version. The Library
has the first edition, printed in 1607 1n London. Topsell also did a
translation of Gesner’s fifth book, The Historie of Serpents, which was
published in London in 1608. The Library has this edition as well as a
1658 London publication of Topsell’s whose two volumes contain not
only the above two books of Gesner’s but Thomas Moffett’s Insectorum
swe minimorum animalium theatrum, onginally published in London 1n
1634 in Latin.

Gesner’s counterpart in Italy was Ulisse Aldrovandi, an inveterate collec-
tor and student of nature. An impulsive youth, Aldrovandi tr veled
throughout western Europe and parts of the Middle East. At the age of
twelve he set off for Rome with no money, leaving his native Bologna
without a word to anyone. At sixteen he journeyed to Spain and later to
Jerusalem. Aldrovandi later settled down and remained a professor at
Bologna for forty years. His work on ammals is as comprehensive and
probably as worihwhile as Gesner’s, although he has been described as far
less critical than Gesner. On the other hand, the illustrations 1n his books
are better than Gesner’s and are grouped together on separate pages. Like
Gesner, he offers as much information as possible about every aspect of an
animal and arranges his beasts in somewhat logical groupings rather than
simply alphabetically. Aldrovandi accumulated massive amounts of mate-
rial over the years but it was not until he was seventy-seven years old that
he published his first work, that being a three-volume work on birds, given
the collective title Ornithologiae. The Library has the first edition, pub-
lished between 1599 and 1603 in Bologna. Together the three volumes
total over a thcusand folio pages. With the exception of another volume
on insects, the remainder of Aldrovandi’s published works were completed
from his notes by his pupils and successors. Of these, the Library has in
first edition the De piscibus (1613) and Serpentum (1640) and the second
edition of De quadropedibus solidipedibus (1639), all published in Bo-
logna.

Two Frenchmen o1 the same period also made significant zoological
contributions, but in a more specialized or limited area of investigation.
Guillaume Rondelet was the younger of the two and made his mark with
his study of aquatic animals. He lived and worked as a physician in Rome
for much of his life. In 1554 he published in Lyons his first work, De
piscibus marinis, which described and illustrated not only fish but seals,
whales, and mollusks, as well as worms. The next year, Rondelet added a
second part to include even more aquatic species and titled it Universae
aquatilium historiae. The Library has both books bour.d together in one
volume ur:der the title De pisctbus marinis.

Like Rondelet, Pieire Belon studied certain animal groups to the exclu-
sion of others. He, too, published a book on aquatic animals, two in fact,
in which the term “fishes” is applied not only to seals and hippopotamuses
but to beavers and otters as well. (There is speculation that such a
classification was a reflection of existing culinary practices among the
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Catholic faithful, as an obviously broad and Iiberal interpretation n-
creased the types of animals that might be eaten during a time of fasting.)
His best work, however, was a later work on birds, L’hstoire de la nature
des oyseaux, published in Paris in 1555. The Library has this work 1n its
first edition. Here Belon not only describes and illustrates various birds,
but he makes a landmark attempt at a comparative anatomical investiga-
tion. Belon’s famous comparison, in text and illustration, of the skeleton
of a bird and that of a man pointed out their astonishingly homologous
nature. Belon’s book on birds was richly illustrated and led him to boast
that “no one has yet shown them so true to life as we.” Both Belon and
Rondelet exhibited considerably more independence and originality than
did the great compilers Gesner and Aldrovandi. Both did a substantial
amount of field research—Belon traveling through Greece, Turkey, Syria,
and Egypt. Interestingly, each of the four seems to have met at least one of
his contemporaries. Aldrovandi went on collecting expeditions with Ron-
delet, who had met Belon while they were both in Rome. And it is fairly
certain that Aldrovandi met Gesner at some time during their parallel
careers.

These sixteenth-century zoologists were succeeded by individuals whose
specialized interests focused their researches on a single aspect or area of
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The English translation of Gesner’s Historiae
animalium was Edward Topsell’s The Histor:e
of Foure-footed Beastes and The Historse of
Serpents. Here Gesner and Topsell show the
unicorn, a beast whose literary tradition goes as
far back as the Bible. Although Gesner says that
*“There 1s nobody who has ever seen this ammal
in Europe,” he defers to authority and tradition,
saying, “But one has to trust the words of wan-
derers and far-going travelers, for the animal
must be on earth. or else 1ts horns would not
exist.” The prized and magical horns that were
then available in many an apothecary shop are
now believed to have been tusks of the narwhal,
an arctic fish. The Historie of Foure-footed
Beastes, 1607. Edward Topsell.

Ulisse Aldrovand:’s work 1s considered an im-
proved Gesner, although it never compared n
populanty. In this comparison of eagles, Aldro-
vandy’s 1s sleeker and more true-to-life, reflecting
the advantage of over three decades of zoolog:-
cal advances. His illustrations are also more
thorough, showing skeletons and certain ana-

tomical details, Ormithologuae, 1599-1¢ .
Ulisse Aldrovandi.
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Pierre Belon displayed these drawings of the
skeletons of a man and a bird on opposite pages
of this book to show homologous structures. As
the originator of comparative anatomy, Belon
demonstrated the remarkable skeletal similar-
ties among the various vertebrates—from man
to fish—simlarities which had heretofore been
entirely unsuspected. Belon was also a vigorous
traveler and was one of the first explorer-
naturalists. He was murdered in the Bois du
Boulogne under mysternious circumstances, per-
haps killed by robbers. L histoire de la nature
des oyseaux, 1555. Pierre Belon.
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zoology. Consequently, no major zoological work of any real scope ap-
peared during the greater part of the seventeenth century. In the fields of
comparative anatomy and microscopy, however, considerable progress was
made.

During the previous century, Vesalus’s realistic and factual anatomy
had placed the study of human anatomy on the firmer basis of exact
observation. Eighty-five years later, William Harvey’s contnbutions did the
same for human physiology. Both Vesalius and Harvey are treated at
length in the chapter on medicine. Sandwiched temporally between these
two giants is the aristocratic lawyer of Bologna, Carlo Ruini, whose
detailed investigation of the anatomy of the horse is said to rival Vesalius’s
work in precision and beauty. Ruini’s masterpiece, Anatomia del cavallo,
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is the first comprehensive work devoted exclusively to the structure of an
ammal other than man. The Library has the first edition, pubii:b :d 1n
1598 in Bologna. The beautiful engravings in this two-volume set are said
to be modeled after those of Vesalius. Ruini’s work became extremely
popular and places him among the founders of comparative anatomy.

The centerpiece of seventeenth-century comparative anatomy is Giovanni
Borelli’s study De motu animalium. Published 1n the year of his death, this
major work applied the mechanics of Galileo to the movements of amimals,
describing muscular action in terms of a system of levers. Every part
of Borelli’s work is highly original. His brilliant mechanical interpretation
and explanation of animal movement left his imprint on many fields,
medicine being a notable example. The Library has the two-volume work,
published in Rome in 168081, in first edition.

Among the seventeenth-century proliferation of instruments for measure-
ment and observation, the invention and development of the microscope
had the greatest significance for the field of zoology. The ability to magmfy
the infinitely small and to peer into heretofore unseen worlds populated by
what seemed to be living organisms offered science a virgin realm of
discovery. The microscopists of the seventeenth century literally created
new fields of study, such as cytology and histology, during this classic
period in microscopy.

The first printed work to contain microscopic illustrations is the Persio,
tradatto in verso sciolto e dichiarato of Francesco Stelluti. Stelluti was a
friend of Galileo’s and a founding member of the Accademia der Lincei.
He had turned his microscope *o study the honeybee and produced a full-
page illustration showing the many aspects and structural details of the
bee. The appearance of a honeybee in Stelluti’s translation of the satirical
poems of Persius 1s explained by the politics of his time. Stelluti dedicated
the book to Cardinal Francesco Barberini, whose uncle was Pope Urban
VIIL. The Barberini family emblem was the bee. The Library has Stelluu’s
work in first edition, published in Rome in 1630.

Thirty-five years later the multitalented Robert Hooke produced a work
based almost totally on microscopic observation. Hooke’s treatise was
published in English with the imprint of the Royal Society of London in
1665 and was called the Micrographia; or, Some Physiological Descrip-
tions of Minute Bodies Made by Magnifying Glasses. The Library has the
first edition, which contains fifty-seven microscopic and three telescopic
observations. Among them, those relevaat to zoology are Hooke’s first
observations of the compound eye of the fly and the structure of the bee’s
sting, as well as that of the flea and the louse. In his Observation No. 18,
he described the structure of cork and first used the word cell.

Hooke’s Micrographia was an immediate success, and with it, the
inicroscope became accepted as an indispensable aid to zoological research.
The contributions of his contemporaries Leeuwenhoek, Malpighi, and
Swammerdam made the second half of the seventeenth century an exciting
and progressive period for zoology.

Anton van Leevwenhoek, 2 Dut~h linen draper born in 1632, became
one of the most famous and saccesstul amateur scientists of all time.
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In a new way of looking at ammals and man, Borelh sought to examne all
movements of the body on a mechanical basis and investigated the actions of
muscles according to the laws of statics and dynamics. This new approach to animal
physiology had its origin with Borelli’s contemporary, René Descartes. Descartes’s
“mechanistic” philosophy marked an early attempt at a zoological generalization or
theory, Although Borellr’s inclusion of man in this illustration seems to imply that
the difference between him and animals is one of degree and not of kind, Descartes
held that man has a reasoning soul and 1s therefore complete, separate, and different
from animals. Borelli was not only a physiologist but a mathematician of note and
an astronomer, He was also very active in the politics of Counter-Reformation Italy.
De motu amimalium, 1680-81. Giovanm Alfonso Borell.
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Leeuwenhoek had little schooling but sufficient income to allow him to
pursue his hobby of grinding lenses. Leeuwenhoek used a simple micro-
scope with a single lens, unlike Hooke’s compound ones, and his skill was
such that he could magnify up to nearly two hundred times. With his
precise instruments, Leeuwenhoek spent his entire life observing and de-
scribing, and he lived to be ninety. In 1673, the Royal Society of London
received some of his observations through an intermediary. Delighted with
the work of this unknown Dutchman, the society asked him for more.
Over the years, Leeuwenhoek sent 375 letters to the Royal Society, each
one containing precise and careful descriptions of his observations. Leeu-
wenhoek applied his microscope to anything and everything—from an
ordinary drop of water to tooth scrapings, ant eggs, and crystals. His
discoveries are too numerous to detail, but two of them deserve mention.
In 1674 he described observing “little animalcules” moving about 1n a
specimen of water he had taken from a marshy lake. By his excellent
description, the animal is now recognized to be a one-celled animal be-
longing to the phylum Protozoa. In 1677 he became the first to describe
the httle animals (spermatozoon) he observed in human and animal semen.
This discovery was to support preformationist views concerning the origin
of life.

Leeuwenhoek never wrote a scientific paper or a book, and his work
was mainly published by the Royal Society in the form of his sometimes
homely letters (which the society translated and edited). The Library has
these as part of its collection of the Philosophical Transactions of the
Royal Society. His letters also were published in Dutch and Latin collec-
tions, and the Library has the five-volume Dutch collection, variously
composed of first through third editions, entitled Ontledingen en ondek-
kingen . .. brieven, published in Leiden and Delft between 1696 and 1718,
as well as the 1695 Delft edition of selected letters. Arcana naturae
detecta.

Leeuwenhoek’s countryman Jan Swammerdam endured a sad and tor-
tured personal life, but he bequeathed to science an unpublished store-
house of entomological information. As an anatomist of invertebrate life,
Swammerdam was a genius. His mastery of even the most minute and
complicated anatomical details of the smallest of insects was incomparable.
Although his most famous microscopic discovery was that of the red blood
corpuscle, he is recognized by most as the father of entomology. Swam-
merdam studied medicine at Leiden University but never practiced 1t,
preferring to collect and study insects. His lifelong disputes with his father,
who thought his son worthless, brought great distress to the young man.
Throughout his life, Swammerdam was subject to what has been described
as a sort of acute religious depression, and his scientifically productive
years were very few. He died at forty-three, having given up his work
seven years earlier to pursue a fanatical religious asceticism that eventually
killed him. His short life’s work lay unread and unrecognized until the
great physician and teacher Hermann Boerhaave published it at his own
expense. Boerhaave contributed a biography of Swammerdam and gave the
entire work the title of Bybel der natuure. The Library has this two-
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Zoological investigation was aided immensely
by the invention of the microscope. The Acad-
emy of the Lynx conducted the first systemat:c
nvestigation of hiving things with a microscope,
and one of 1ts members, Francesco Stelluti—a
fnend of Gahleo and a founding member of the
Academy—in 1625 produced a single printed
sheet showing a bee 1n great detail. In 1630,
Stelluts used this same engraving to dedicate a
book of poems to Cardinal Francesco Barberini,
The cardinal’s uncle, Pope Urban VIII, was also
a Barberiny, and the family’s crest showed three
bees. The detail of Stellun’s external anatomy of
a bee 1s extremely accurate. Persio, 1630. Fran-
cesco Stellun.
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In 1665, Robert Hooke produced his monument
to microscopy, Micrographia. Hooke was a ge-
mius of mechanics, and having produced an im-
proved compound microscope, he used his new
device to investigate more closely the world
around him. Insects seemed to get most of his
attent1on and his beautiful, detailed engravings
are all the more impressive given the folio size of
the book. Here he shows “a very beautiful crea-
ture,” the blue fly. Hooke was an extremely
disputatious man who suffered all his life from
congenital infirmties. Despite this, he was a
broadly talented individual—architect, artist,
and rival of Newton in physics—who was th2
first “curator of experiments” of the Royal Soci-
ety and later its secretary. His Micrographiais
one of the most readable major works in the
history of science and conveys the excitment of
first discovery 1n a charming and informal man-
ner. Micrographia, 1665. Robert Hooke.
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volume work, published in Leiden in 1737-38, in first edition. The huge
folio contains many elegantly thorough illustrations that demonstrated the
extreme complexity of even the lower ammals. It stands as the first major
scientific study of insects, including their classification and transformations.

Swammerdam had great respect for an Italian contemporary he

described as “the most indefatigable searcher into the miracles of nature.”
This was the Tuscan court physician and poet Francesco Redi. Redi was a
thoroughgoing experimentalist who took nothing for granted. “I have
taken the greatest care to convince mys=If of facts witli my own eyes by
means of accurate and continued experiments before submitting them to
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my mind as a matter for reflection,” he said. This admirable scientific
approach led him to attack directly the doctrine of spontaneous genera-
tion. The notion that certain lower forms of life arose spontaneously from
decaying matter had been held and supported since Aristotls first endorsed
it. Indeed, such eminent scientists as Jean Baptiste van Helmont had
argued that spoiled wheat gave rise to mice.

Redi’s originality and independence of thought are demonstrated in his
treatment of what was considered the classic proof ot spontaneous genera-
tion—the seemingly spontaneous emergence of maggots from rotting meat.
Exercising what today are called *‘biological controls,” Redi put various
meats in both covered and uncovered flasks. T° meat in the open vessels
became both wormy and putrid, whereas .ae covered vessels
became only putrid. Redi observed the exp. ..nent closely and realized that
the maggots in the uncovered flasks were the developing larvae from fly
eggs. He noted that in the flasks that were covered with gauze he “never
saw any worms on the meat, though many were to be seen moving about
on the net-covered frame.”

In 1668 Redi offered his Esperienze intorno alla generazione degl’insetts,
in which he refuted the notion of spontaneous generation. The Library has
this work, published in Florence, in first edition. Compared to the exqui-
site and accurate drawings of Swammerdam, its illustrations of insects are
somewhat crude. But in this work, Redi penetrated to the core of one of
nature’s secrets, stated eatlier by William Harvey on the frontispiece of his
own book: “Omne vivum ex ovo.”

Despite Redi’s evidence, the doctrine of spontaneous generation was not
put to rest until the work of Louis Pasteur, some two hundred years later.
As proposed 1n the seventeenth century and earlier, the idea of sponta-
neovs generation was a relatively simple, straightforward notion with no
real scientific basis. It should not be compared to theories arising from
contemporary research on the origin of life which indicates that some sort
of generation or chemical evolution from the “primordial organic soup” of
distant times must have occurred.

Although seventeenth-century zoology became increasingly characterized
by spec’zlized investigation and vigorous collecting, 1t was nevertheless a
scienc? in disarray, held back by a chaos of nomenclature. No generally
agreed upon and widely understood system of classification existed.
Though mankind had been giving animals names since Adam and Eve, the
conceptual difference between giving a particular beast a certain name and
classifying it according to a set of definite principles represents an essential
and fundamental distinction. This distinction is integral to the scientific
method, for no science can progress without a body of rigorous technical
terms. To zoology, classification became the orderly common language
necessary to such an essentially descriptive saience. Only after passing
through the homely process of being systematized could zoology proceed
to the higher level of the grand generalization.

The first real systematic arrangement of animals was produced by John
Ray near the end of the seventeenth century. In his work entitled Synopsis
methodica animalium quadrupedum, published in London in 1693, which
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Unlike Hooke, who investigated relatively large
subjects with his microscope, Anthony van
Leeuwenhoek was interested pnmanly in micro-
scopic hfe. Although hisinvestigations were
somewhat desultory, one theme he did pursue
throughout his life was that of sexual reproduc-
tion. During hus fifty years of observation he
described the spermatozoa of insects, fish, birds,
and mammals. Here, 1n a Dutch version of his
letters to the Royal Society of London published
during his hifetime, he shows the spermatozoa of
adog. Figure 3 is a hiving spermatozoon, distin-
guished from figure 4, which 1s dead and has
changed shape. Altogether, Leeuwenhoek’s
most important scientific contribution was his
steadfast assertion that the moving objects he
observed were a form of ammal hife. Ontledin-
gen en ontdekkingen, 1696—1718. Anthony van
Leeuwenhoek.
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88 Although trained as a physician, Jan Swammer-
dam preferred studying insects to treating peo-
ple. While his accomplishments in the field of
medical research were known to his contempor-
aries, his work on insects remained mostly a
private passion, and it is in this almost secret
work that Swammerdam distingwished himself.
His Bible of Nature, published one hundred
years after his birth, contains some of the most
remarkable details of insect anatomy ever pro-
duced. Using a single lens microscope and dis-
secting tools that he made himself, Swammer-
dam was able to use his special dissecting skills
to great advantage. His considerable gifts are
apparent when 1t is realized that the subject
whose nervous system he details and describes
was often an insect less than a quarter of an inch
long. Swammerdam was anti-Aristotelian in the
prermses of his insect study, believing that in-
sects were no less perfect or worthy of study
than supposedly higher animals. Here he shows
amale gnat. Bybel der natuure, 1737-38. Jan
Swammerdam.
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the Library has in first edition, Ray offered his personal view that the
structure of an animal’s body was what mattered most in classifying 1t.
Ray’s emphasis on physical structure focused particuiarly on an animal’s
teeth and feet as classifying determinants. Although he did not set up a
system of classification with a concise and systematic nomenclature, his
emphasis on animal structure and the distinction he made between species
and genus went a long way toward producing a sound taxonomy. Untl
Ray, the term species had a decidedly indefinite usage. It was he who gave
it its modern and concrete meaning, applying it only to groups of similar
individuals that exhibit constant attributes from generation to generation.

Ray was an especially religious man, and his brand ot “natural theol-
ogy” found an essential harmony between God and nature. His deeply
held religious convictions rarely dimmed his objectivity, however, and he
came to believe that the stability of species was not absolute—an idea
certainly ahead of its time. His interpretation of fossils as the petrified
remains of extinct creatures was not accepted for a2 hundred years. Ray
was an especially astute and wise naturalist whose ideas and work paved
the way for Linnaeus, the founder of modern taxonomy.

Carl Linnaeus systematized both zoology and botany and gave all natu-
ralists a common, useful language. For both disciplines, he established the
classification principles of kingdom, clas<, order, genus, and species and
thus gave science a basic scheme for organizing all of the natural world.
Furthermore, he offered a new system of nomenclature, the binomial
system still in use today, which gives each organisin a double scientific
name.

Linnaeus came from a peasant village in Sweden. His father was a
clergyman and amateur botanist named Nils Ingemarson, who adopted the
family name Linnaeus after a mighty linden tree near his home. This
particular linden was especially large and old and was held in high regard
by the locals as a sort of sacred tree. Given the essential role of plants and
trees in the herbal medicine of the time, naming one’s family after a
respected tree seems not at all inappropriate. In fact, a famous contempo-
rary of Linnaeus, Hermann Boerhaave, had the delightful habit of always
raising his hat to an elder tree in deference to its renowned medicinal
qualities.

The gifted young Carl was assisted by a series of patrons and obtained a
degree in medicine. From the time he was very young, Linneaus possessed
a natural and energetic interest in plants and herbs. His ability was such
that he lectured in botany at Uppsala although not yet a graduate, and he
received a grant in 1732 to visit Lapland as a scientific collector. This field
trip took him through some of the more wild and unexplored regions of
northern Sweden, and in five months he had traveled 4,600 miles. Later,
after traveling through England and west Europe, he began to formulate
the basic principles of what was to be his life’s work.

Linnaeus was an autodidactic genius with an encyclopedic memory and
a passion for classifying everything he knew. By the age of twenty-five he
had dedicated himself to establishing an original classification system with
which he would methodically and systematically organize the entire natu-
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Thus 1s the first really systematic classification of
amimals. John Ray began this arrangement by
returning to Aristotle’s distinction between red-
blooded animals (vertebrates) and those that are
not red-blooded (invertebrates). From there, his
system always proceeded on the basis of the
structure of an ammal’s body. The vertebrates
are therefore divided nto those that breathe
through lungs and those that have gills. The
former are subdivided into viviparous and ovi-
parous ammals (birds and reptiles). Further sub-
divisions of viviparous ammals are based on the
number of toes, type of teeth, and other struc-
tural charactenistics. John Ray’s fundamental
taxonomy had prepared the way for Linnaeus,
who began his work where Ray left off. Synops:s
methodica animalium quadrupedum et serpen-
tins generis, 1693. John Ray.
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To the diverse, teeming subject matter of zool-
ogy, Linnaeus brought an ordering intellect. In
1735, hus Systema naturae offered a classifying
method whereby every animal (and plant)
would be arranged and identified in sequence of
class, order, genus, and species. Here, in an
1806 Enghsh edition, Linnaeus boldly classifies
man as an animal of the genus Homo and spe-
cies saptens, the bionomial designation translat-
ing, “Man, the reasoner or the wise.” His de-
scriptions of the known races are interesting, the
American Indian described as “regulated by cus-
toms,” the Asiatics as “governed by opinions,”
the Africans as “‘governed by caprice,” and his
race, the Europeans, as “governed by laws.” A
General System of Nature, 1806. Carl von
Linné.
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ral world. At the age of twenty-eight he saw his epochal Systema naturae
published and almost overnight became the internationally recognized ar-
biter of species.

The first edition of Systema naturae was printed in Leiden in 1735.
Linnaeus had shown his manuscript to Hermann Boerhaave, who had just
published Swammerdam’s work, and it was through him that Linnaeus
acquired J. F. Gronovius as a patron. Gronovius published Systema na-
turae at his own expense. It has become one of the rarest first editions 1n
the history of science. A facsimile made from the copy in the collections of
the Amsterdam Zoological Library in 1964 is in the collections of the
Library of Congress. The enlarged second edition, published in Stockho'm
in 1740, is the earliest original imprint the Library holds. Over the years,
Linnaeus revised and amplified his work so much that the tenth edition
comprises 2,500 pages. The Library’s collections include this tenth
edition, published in 1758, which remains even today as the bible of
taxonomy.

Compared to the rambling, imprecise picture books that preceded Sys-
tema naturae, Linnaeus’s work may seem mechanical, artificial, rigid, and
overly technical. Yet his system gave naturalists a method of accurately
reducing the identification and classification of an animal or plant to a few
details or sentences. For the first time zoologists and botanists could use a
common language and method and through them communicate clearly
with one another. Its principles formed the basis for all future progress in
the natural sciences.

Although Linnaeus publicly held that all species are constant and im-
mutable, he did modify his anti-evolutionary views late 1n his career. It
was Linnaeus, after all, who classified man as an animal, Homo sapiens,
characterized by his ability to think. He has been described as an arrogant,
self-satisfied individual, whose naive optimism perceived nothing but har-
mony and order in the natural world. Always a religious person, he
believed his system to be the result of divine guidance—and that 1t was his
duty to discover and to elaborate God’s natural order. Linnaeus was
honored by everyone throughout his life and was made a noble 1n 1757,
when he took the name Carl von Linné.

Georges Louis Leclerc Buffon was born the same year as Linnaeus but
has little else in common with the great Swede. Buffon’s family was well-
to-do and offered him the advantages of a good education and extensive
travel. Amid the love affairs, duels, and romantic adventures of his youth,
Buffon had the time and talent to translate both Newton’s Fluxiones and
Stephen Hale’s Vegetable staticks. He made his name in science in zoology
not with new discoveries but rather because of the nature and scope of his
original thinking. Unlike Linnaeus, he was unsystematic, theoretical, and
imaginative. His main work, Histoire naturelle, was the labor of a lifetime.
It eventually reached forty-four volumes and established him as one of the
great synthesizers.

Buffon might have remained only a talented dilettante had he not been
appointed keeper of the Jardin du Roi, or had he not taken his duties there
so seriously. The catalog of the institution’s collection that he drew up led
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him to take up his Histoire naturelle—a catalog of all of nature. The
substance of his natural history reflected Buffon’s personality—his writing
was brilliant if somewhat oratorical, and his descriptions and anecdotes
appealed to the popular as well as to the scholarly reader. The volumes
were well illustrated with color engravings and their open discussion of
animal sexuality and such natural phenomena as eunuchs made them best-
sellers. To the special delight of French society of the Enlightenment,
Buffon treated man as he would any animal.

Buffon did more than popularize zoology, however, for his influence was
felt by the real scholars of his time. Perhaps most noteworthy and influen-
tial was the scope of his original ideas, the grand designs he saw in nature.
From Buffon’s comprehensive perspective, all of nature was a whole and
any divisions were simply imposed by the mind of man. He drew no hard
line between animal and vegetable life but united the organic world with
the inorganic, stating that life “‘is not a metaphysical characteristic of
living creatures, but a physical quality of matter.” His treatment of man as
part of all of animal creation and his adherence to the mutability of
species foreshadowed later evolutionary ideas.

Buffon’s technique was at times unscientific, as he was inclined to
overlook detail and to opt for the easy generalization. Buffon’s looseness
with facts incensed Thomas Jefferson, for one. In his book Notes on the
State of Virginia, written in 1781 and printed in Paris in 178485, Jeffer-
son upbraided Buffon for his description of the American Indian as having
“little sexual capacity” and being indifferent to his children. The Indian,
Jefferson wrote, “is neither more defective in ardor, nor more impotent
with the female, than the white reduced to the same diet and exercise.”
And he stated that he has seen “even the warriors weeping most bitterly
on the loss of their children.” To refute Buffon’s contention that New
World mammals had degenerated in size, Jefferson sent the skeleton and
skin of a seven-foot moose as well as those of an American caribou, deer,
and elk directly to Buffon in Paris.

Buffon’s legacy was his inspiring and sometimes daring ventures into the
theoretical realm, and this work no doubt stimulated both Lamarck and
Cuvier. The Library has the first edition of Buffon’s Histotre naturelle
published in Paris during the period 1749-67 in its original first fifteen
volumes, plus five volumes of supplements. The Library’s complete, forty-
four-volume set is from a later edition.

Nearly two centuries after Buffon first began his natural history series, a
unique graphic work appeared based on his Histoire naturelle. Pablo
Picasso and the publisher Ambroise Vollard planned to publish a series of
animal etchings accompanied by texts from Buffon. Picasso began work
selecting and interpreting various animals in etchings in 1936, long after
he had promised the illustrations to Vollard. After Vollard’s death in
1939, the book was taken up and published by Martin Fabiani in 1942.
The resulting work, Eaux-fortes originales [de] Picasso pour des textes de
Buffon was published in Paris in an edition of 226 numbered copies, one
of which the Library has in its collections. The book has thirty-one
etchings and aquatints by Picasso and, though 1t can be considered an
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illustrated book, 1t 1s really a suite ot etchings to which text has been
added.

In contrast to the rich, urbane Buffon, whose literary workday was
punctuated by a visit from his wigmaker, who would arrange his coiffure,
Jean Baptiste de Lamarck struggled all of his life with money problems,
being the eleventh child of an aristocratic but impoverished family. Also 1n
contrast to the early scientific accomplishments of Buffon was Lamarck’s
amazingly late entry into a field in which he was to become a pioneer.
Born in 1744, Lamarck was fifty years old before he began any real work
in zoology.

Having first served in the only two professions sufficiently honorable for
the sons of faded nobility, the church and the army, Lamarck pursued his
botanical interests in obscurity unul the French Revolution. The same
revolutionary government that took away the great Lavoisier’s life gave
Lamarck a new scientific life, appointing him professor of “insects and
worms” at the reorganized Muséum National d’Histoire Naturelle (for-
merly the Jardin du Roi) in 1793. Lamarck had held various minor
botanical positions at the Jardin du Roi for five years (1788-93), and he
was given the new post almost by default since all the botanical positions
were filled by others and there were no zoologists available for this post,
which Lamarck renamed professor of “invertebrates.”

Over the years Lamarck brought order to a field that had been essen-
ually ignored: the field of invertebrate zoology. Even Linnaeus had avoided
attempting any real invertebrate classification, calling all manner of inver-
tebrate animals simply “worms.” With the publication in Paris in 1801 of
his Systeme des animaux sans vertébres, Lamarck began to give order to
this neglected life form. Having separated animals into vertebrate and
invertebrate, he then classified the latter according to their respiratory,
circulatory, and nervous systems. The Library has this book in first edi-
tion. Lamarck continued this work and between 1815 and 1822 his huge
seven-volume Histoire naturelle des animaux sans vertébres was published
in Paris. A first edition of this work, which brought him recognition as a
systematist from his contemporaries and established him as the founder of
modern invertebrate zoology, is in the Library’s collections.

But it was a work generally ignored by his peers, the Philosophie
zoologique, that was to earn Lamarck the respect of posterity. In this two-
volume theoretical work, mcre than half of which concerns itself with
speculations on the nature of life itself, Lamarck demonstrates his intellec-
tual indebtedness to Buffon, <1d in doing so he takes the first definitive
step toward a theory of biological evolution. With the same broad, sweep-
ing view of all of life that characterized Buffon, Lamarck offers in his
Philosophie zoologique a bold rationale for the successive, evolutionary
development of life. All living forms were constantly changing and devel-
oping, aiways to a level of higher complexity, he said. To a static science
still enthralled with method, Lamarck’s ideas were revolutionary. He did
his cause no good, however, when he offered to explain the mechanism of
natural change. He argued that an organism is modified structurally simply
by the use or disuse of a certain part of its body. Those parts used would
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Where Linnaeus was systematic and specific, his contemporary, Buffon, was syn-
thetic and sensational. Buffon’s forty-four volume Histotre naturelle took all of
nature as its subject and offered more original ideas and generahizations then
zoological facts. He viewed all life and matter as related and argued that species are
mutable. It is significant that nearly two centunies later Pablo Picasso chose Buffon’s
natural history to inspire him, perhaps because both were interpreters of nature.
Here, Piscasso’s deer effortlessly conveys the essence of the animal and pays little
regard to anatomical correctness. Eaux-fortes originales [de] Picasso pour des textes
de Buffon, 1942. Pablo Picasso.
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develop accordingly and those unused would eventually wither. These
traits were then passed on to its descendants, he explained. Despite his
weak gropings to explicate this thesis, at its core was the firm notion that
the interaction of natural forces was responsible for the variation of
species.

Lamarck’s evolutionary ideas had no influence on his ume, as he lived in
an age dominated by the theological notion of the fixity of species, and
unfortunately Lamarck seems best remembered today for his incorrect idea
that acquired characteristics are inherited. His life was a long one but full
of sadness and struggle. He was widowed four times, saw most of his
children die, and was poor most of his life. He was buried in a pauper’s
grave. His famous Philosophie zoologique was first published in 1809 in
Paris. The Library of Congress has the 1830 edition in its collections.

Lamarck was at times his own worst enemy. His voaferous attack on
the new chemistry of Lavoisier won him no friends, and in fact the
majestic and dictatorial Georges Cuvier became his lifelong opponent.
Cuvier was a child prodigy who had entered the Academy of Stuttgart at
the age of fourteen not knowing a word of German and had won a prize
for German studies four months later. He was brilliant, disciplined, and
energetic, with a forceful but appealing personality that won him the favor
of monarchist and revolutionary alike. The imperious Cuvier became the
most famous European scientist of his time, literally dictating biological
doctrine by the weight of his authority.

Cuvier began his career at the Muséum National d’Histoire Naturelle,
where his genius for anatomical detail and his reverence for facts made
him the ultimate anatomical arbiter. His most comprehensive work was Le
régne animal, published in Paris in 1817. The Library has this four-volume
work in first edition as well as a much larger version (eleven volumes of
text and ten volumes of atlases) published in Paris after his death. In it,
Cuvier offers the results of a lifetime of research on both living and fossil
animals and divides the animal kingdom into four main groups: vertebrate,
mollusca, articulate, and radiate. This breakdown transformed the animal
taxonomy of Linnaeus into a truly natural system of classification. Along
with his earlier Legons d’anatomie comparée, published in Paris between
1800 and 1805, Le régne animal established comparative anatomy, at the
core of which was Cuvier’s correlation theory, which stated that there was
a necessary relationship between one part of the body and another. A
famous story illustrates the cool rationalism of his theory. When one of his
students dressed in a devil’s costume, and woke him with the pronounce-
ment, “Cuvier, | have come to eat you,” the other students are said to
have heard the great man calmly reply before going back to sleep, “All
creatures with horns and hooves are herbivores. You cannot eat me.”

It was through Cuvier’s expert use of the correlation theory that he
founded modern paleontology as well. In his Recherches sur les ossemens
fossiles, published in Paris in 1812, Cuvier was able to reconstruct entire
animals from a few fossil bones and demonstrate that these animals were
indeed extinct. Despite his pioneering work with fossils, however, Cuvier
remained a steadfas* anti-evolutionist. It was on this point that he dis-
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In his comprehensive work on the animal kingdom, Cuvier extended the Linnaean
system by grouping related classes into broader groups called phyla, using the
internal structure of animals as a guide. Here Cuvier shows different species of bats,
classified correctly as mammals and carmvores, and displays their teeth and wing
structure. His anatomical knowledge was so vast that given a piece of well-preserved
bone, he could reconstruct an entire animal. He viewed an animal as a closed system
of mutual and reciprocally related parts, none of which could change without
affecting the others. Cuvier steadfastly opposed Lamarck’s ideas of the evolutionary
development of life and never waivered from his belief in the fixity of species. Le
régne antmal, 1836—49. Georges Cuvier.
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agreed with Lamarck so strongly, attributing the extinction of species to
a series of catastrophic events rather than to a process of evolutionary
change. Cuvier was a man who seldom went beyond observed facts, and
this particular foray into the realm of theory indicates his speculative
abilities were flawed or at least limited. It has been said that Cuvier talked
evolution while denying 1t, and it 1s the irony of his life that he provided
later theonsts with some of the essential foundation material for the
construction of the madern edifice of biological evolution. The Library has
Cuvier’s 1812 work on fossils in facsimile as well as the third edition
(1825) and the first edition of his work on comparative anatomy (1800-
1805).

The first half of the nineteenth century was distinguished not only by
major advances in comparative anatomy and paleontology and the begin-
nings of some progress toward a theory of natural evolution, but also by a
major breakthrough in embryology. During the eighteenth century, embry-
ological research was nearly at a standstill, owing to the dominance of the
preformation theory. According to this theory, the embryo contained the
complete organism in miniature, and since it was much easier to study the
grown or mature organism than to study 1t at itc beginnings no attempt
was made to study the embryo itself. The startling breakthrough in em-
bryology was the work of one man, Karl Ernst von Baer. Baer was born in
Estonia, educated in Germany, and accepted a chair at St. Petersburg. His
early work at Konigsberg not only founded modern embryology as an
independent field of research but was an essential factor in the larger and
later evolution equation. It was his work on comparative embryology that
offered the means of demonstrating the affinity of different animal torms.

Bac- began his scientific career as a physician but turned to research
whez confronted with the realities of practicing medicine. His comparative
studies in 1826 of the ovaries of dogs and other animals led him almest
accidentally to the discovery of the mammalian egg—a minute yellowish
speck that he found in both the follicle fluid and the oviduct. Most had
expected the eggs of mammals to be relative to the known egg size of
birds, reptiles, and fisk. Baer made his epochal discovery known in a
brochure entitled De ovi mammalium et homms genesi, published in
Leipzig in 1827. The Library has this work in facsimile only. In his larger
work, Uber Entwickelungsgeschichte der Thiere, he first presented an
exhaustive summary of all the known facts on embryology and then
surveyed the embryonic development of all the vertebrates. The first vol-
ume was published in 1828, and the Library has a copy from the first
edition. Volume two was published in an unfinished form in 1837, and the
Library has a facsimile copy of it. Volume three was published posthu-
mously in 1888 and contained the material missing from the second
volume, edited by L. Stieda, but the Library has no copy of it. All three
volumes were published in Kénigsberg.

Baer was a complex man of wide scientific interests who began more
writing projects than he completed. A man of great wit and vigor, he
continued his researches until his death at eighty-four and yet is said to
have once suffered from such severe depression that he did not leave his
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home for a year. The significance of his embryological discoveries and of
the generalizations like the germ theory that he formulated cannot be
overemphasized. His De ovi mammalium gave zoology an important
unifying doctrine stated best by Baer himself: ““Every animal which springs
from the coition of male and female 1s developed from an ovum, and none
from a simple formative fluid.” His later synthetic work on the develop-
ment of animals provided the basis for their systematic study.

One of the major intellectual elements essential to the formulation of
zoology’s “‘big idea” of evolution was the formal elaboration of the cell
theory. In 1842, the eccentric Matthias Schleiden published the idea that a
plant is a community of cells and that the cell is the essential unit of the
individual plant (as discussed in chapter 2). During his many travels,
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In 1826 Baer discovered the egg of the mammal
n the ovary, indicating once and for all that the
reproductive processes for mammals (and man)
were not fundamentally different from other an-
imals. Baer’s later work was on comparative
embryology, and his studies revealed that in the
early stages of development most vertebrates
resembled one another—only !~ ¢r to become
more differentiated. Here Baer compares the
mammahan egg with eggs of such lower amimals
as a hzard, a frog, and a crab. De ovi mammal-
tum et homunis genest, 1827 {1966]. Karl Ernst
von Baer.
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Schleiden met a timid, pious scientist in Berlir with whom he somehow
struck up a friendship. This quiet introvert was Theodor Schwann, a
young student who had been a favorite pupil of the great German physiol-
ogist Johannes Peter Miiller. In October 1837 Schleiden communicated
the unpublished results of his research on plant cells to Schwann, who
accepted Schleiden’s cell-formation theory in its entirety, applied 1t to
animals, and expanded it into a general theory of the basis of life.
Schwann’s famous treatise was first published in Berlin in 1839 and was
titled Mikroskopische Untersuchungen siber die Uberemstimmung in der
Struktur und dem Wachstum der Thiere und Pflanzen. In it, Schwann
points out the fundamental differences between plants and animals and
then proceeds to demonstrate their similarities. In the third and final
section of this work, he expounds his general cell theory, stating that the
cell is the general or universal unit of all life. “One common principle of
evolution is laid down for the most highly differentiated elementary parts
of the organisms, and this principle of evolution is _.e cell-formation.”
Schwann’s theory was accepted almosi immediately and universally. The
Library has the English translation of Schwann’s work published in Lon-
don in 1847—Microscopial Researches into the Accordance in the Struc-
ture and Growth of Animals and Plants. Schwann’s cell theory was a
zoological milestone, for it offered a major unifying idea—that the varied
forms and phenomena of life are a connected whole—an idea that led to a
greater understanding of all living things.

Charles Darwin was a contemporary of Schleiden and Schwann and died
within a year of both of them. He owes an intellectual debt to them and to
another contemporary, Charles Lyell, as well as to such varied scientific
predecessors as Thomas Malthus, Georges Cuvier, Jean Lamarck, Georges
Buffon, and even his own grandfather, Erasmus Darwin. Despite these
debts, Darwin’s theory of evolution was virtually the work of one man.
His greatness resides in his theory, which is saying a great deal, for
evolution is to biology what Newton’s theory of gravitation was to phys-
ics. Within their fields, such theories have an immense—sometimes torzl—
unifying and expositional power. They also have a substantial spillover
effect in both physical and metaphysical domains. When a grand theory
alters how we think or how we regard ourselves and our environment, it is
surely a deep, rare, and essentially revolutionary 1dea.

This is what the Darwinian revolution accomplished, as did its historical
predecessors, the Copernican revolution and the Newtonian revolution.
The personal story of Darwin’s early advantages and unpromising youth,
of his chance presence on the Beagle’s voyage, of his flash of insight and
long hesitancy to publish, of his honorable actions with Wallace, and of
his chronic ill health and reclusive old age, are all worth noting, for their
retelling places a theoretical doctrine in its proper human context.

Charles Darwin was born the fifth of eight children, with two very
famous and well-to-do grandfathers, Erasmus Darwin, the physician-poet,
and Josiah Wedgewood, of porcelain fame, both of whom died before he
was born. During his formal education, he appeared ordinary at best, and
his father pushed him first toward medicine and then the church, fearful of
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The cell theory offered zoology a major umfying
idea, the idea that ammals and plants alike are
formed out of cells, that the egg itself 1s made up
of cells, and that the organism develops by divi-
ston of the egg cell. Here Schwann illustrated the
nature and origin of animal and plant cells. M:-
croscopical Researches into the Accordance in
the Structure and Growth, of Anymals and
Plants, 1847. Theodor Schwann.
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having a scandalous wastrel on his hands. The indifferent Charles proved
inept in both fields and was intrigued only by his natural science hobbies.
These he pursued on his own, although he did receive a good background
in geology from Adam Sedgwick. On the recommendation of a friend and
through the good offices of an uncle, who helped gain his father’s permis-
sion, Darwin obtained in 1831 the position of unpaid naturalist aboard
the small cruiser, H.M.S. Beagle, which was to circumnavigate the world
on a mainly cartographic mission.

The five-year voyage was eventful both to Darwin and to posterity, t
it gave him his real training as a naturalist and shaped all of his future
work. The Library has the Journal of Researches i the Geology and
Natural History of the Various Countries Visited by H.M.S. Beagle in first
edition. Published in London in 1839, the Journal contained experiences
and observations Darwin took from his diaries and notebooks, and it
became a popular success. Among Darwin’s many findings and impressions
of the long trip, one particularly intriguing observation that he first made
on the Galapagos Islands kept presenting itself to him. What could ac-
count, he asked, for the slight but obvious differentiation of species that he
found on each island? He had, for example, noted fourteen different
species of finch, now known as “Darwin’s finches,” on the Galapagos and
observed that these birds existed nowhere else. According to the creation
dogma of his time, each separate species would have had to have been
created for each island. To Darwin, this seemed unreasonable. Miore likely,
he reasoned, these finches were descendants of birds that had originally
strayed from the mainland and that then developed their different beaks to
suit better the different feeding conditions of each island.

Darwin was both a perfectionist and a very patient man, and he was not
about to publicize an incomplete idea. After returning from his famous
voyage in 1836, he came to his idea of “natural selection” as the mecha-
nism of evolution in 1838 while veading Thomas Malthus’s Essay on the
Princsple of Population (which the Library has in its 1798 London first
edition). He then proceeded to gather data to test his hypotheris —keeping
his idea mainly to himself and endlessly collecting and classifying more
and more information.

Darwin served as secretary to the Geological Society of London from
1838 to 1844 and became close to Charles Lyell, whose Principles of
Geology so influenced Darwin, and Lyell was one of the f.w with whom
Darwin discussed his evolutionary ideas during this time. In 1842 Darwin
wrote a preliminary sketch of his ideas and by 1844 he actually began to
write a book on the subject. By 1858 he was still at work on his book
when Lyell’s warnings that he would be preempted if he did not publish
soon came true. In June 1858 Darwin received a letter from Alfred Russel
Wallace that shocked him. Wallace, whose career paralleled Darwin’s—he
also was largely self-taught, had explored an island region and was struck
by the same species differentiation as was Darwin, and had read and been
influenced by Malthus—was asking in his letter for Darwin’s opinion of a
theory of evolution remarkably similar to his own. Although Darwin had
spent twenty years in deliberation and preparation of his theory, it was
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From Der scaepherders kalengier, 1516.

\

decfarplie

R

-

b S T S

PR 5

’ One of the most popular German works on natural history,

| medicine, and science during the fifteenth century was Buch der
Natur. Its depiction of the universe 1s most unusual in 1ts repre-
sentation of the planets as contained within straight horizontal
bands separating the earth below from the heavens above. Buch
der Natur, 1481. Konrad von Megenberg.
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Few books can rival the striking title page of Apianus’s Caesar’s Astronomy. This

work is thought to have taken eight years to prepare and contains thirty-seven

colorful and detailed volvelles (movable, rotating circles) useful as planetary

tables. Although his astronomy was geocentric, Apranus did observe correctly

that a comet’s tail always points away from the sun. Astronomy aside, the beauty

and extravagance of this volume make 1t a unique prize. Astronomucum caesa-

reum, 1540, Petrus Apranus.
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This difficult-to-recogmze plant 1s the Plantago
or Plantain, one of three genera in the family
Plantaginaceae (order Scrophulanales). The
snake at the bortom and the scorpion at the top
indicate that this plant 1s an antudote for thewr
bites or stings. Such devices were used fre-
quently in medieval times, since few could read,
and its inclusion here indicates that the Herbar-
wm was taken from a very old source. Herbar-
wm, 1484. Apulews Barbarus.
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A study of trees from Konrad von Megenberg’s
Buch der Natur shows some trees growing natu-
rally and others cultivated in pots. This 1s one of
the first printed books in which a woodcut
shows plants mainly to illustrate and not only to
decorate. Buch der Natur, 1481. Konrad von
Megenberg.

Alii porno.Alii Polvpleron.
Nalcitur in paludibus plurimum & pratis;

AD CAPITIS DOLOREM. :
Herbae Plicagis radix collo fufpéfa doloré mire
tollic. gD VENTRIS DOLOREM]
HerbaePlantaginis fucus tepefadtus fometido
uentris doloré tollit mire: & fi tumor fuerit: tus
fa & impofica collet cumorem.
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Jean Jacques Rousseau’s popular botanical
work, Essais élémentaries sur la botamique
(Panis, 1771), contributed to the late eighteenth-
century movement toward a more scientific look
at plants and flowers. Inn 1805, that work was
reissued with sixty-five plates printed in color
after paintings by Pierre Joseph Redouté. The
dandelion shown here, like all of the plates in
this work, was produced as a sttppled engraving
printed in color and fimished by hand. Rousseau
was not all science when he considered a striking
flower and hikened 1t to a beautiful woman:
“The sweet fragrances, the lively colors, the
most e'=gant shapes seem to vie with one an-
other for the right to hold our attention. One
need only to love pleasure to abandon oneself to
such sweet sensations.” La botamque de . |.
Rousseau, 1805. Jean Jacques Rousseau.
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Pierre Joseph Redouté has been
called the Raphael of flowers, the
greatest flower painter of all time.
This spectacular rose from Les roses
demonstrates his gentus. The harmo-
mious beauty and elegance of his art-
1stry in no way detracts from the
forthright depiction of a botanical
specimen. The Library’s copy of Les
roses 1s one of only five large folios
ever made and was Redouté’s own
copy. Redouté's success and popular-
ity seemed independent of the politi-
cal turbulence of his times. During
his long career, he served as Master
of Drawing to a succession of queens,
empresses, and claimants, from
Marie-Antoinette in the 1780s,
through Napolean's Josephine, to
Marie-Amelie in the 1830s. Athis
death, a cnitic paid him a unique trib-
ute, saying, “He composed a bouquet
with the intelligence and the happi-
ness of a young girl at her first ball;
and yet he brought about those deli-
cate masterpieces with the thick
hands which resembled the feet of
some antediluvian animal.” Les
roses, 1817-24. Pierre Joseph Re-
douté,
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Printed and pubhshed in London, Mark Catesby's Natural History of Carolina,
Florida, and the Bahama Islands was the earhest book with colored plates of
Amencan birds. This vibrantly colored flamingo was drawn, engraved, and hand-
colored by Catesby, who could not afford to hire an engraver. Nearly half of the
volume’s 220 hand-colored engravings are of birds. The Natural History of
Carolina, 173 1-43. Mark Catesby.
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Alexander Wilson’s American Ormithology initiated the serious study of birds in America.
This founder of American ornithology was bom 1n Scotland and wrote poetry while working
as a weaver and peddler. Although much less we!l-known, Wilson's work preceded Audu-
bon’s by nearly twenty years and certainly inspired Audubon. American Ormithology, 1808
14. Alexander Wilson.
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Aside from depicting birds 1n motion and rendering the subtle imphication of vitality
and movement to those he painted motionless, perhaps the most striking thing about
Audubon’s bird drawings 1s their scale. Each drawing 1s over three feet high. This
combination of artistry and scale enabled him to convey the grand dimensions of the
American continent and its indigenous birds, here the Golden Eagle and the Amernican
White Petican. The Birds of America, 1827-38. John James Audubon.
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This detail and key from William Smuth’s large-scale geological map of England show his contribution to
geology. It was the first such map of any country and was based on scientific principles discovered by Smith
himself. The conditions of his native land were particularly favorable to Smith’s work since 1t was possible to find
sedimentary rocks of every age—from Precambnian to Tertiary—that were relatively undisturbed. Smith not only
discovered this regular succession in the strata of England but he determined that many of the individual beds

discoveries known in a umque and very understandable way, namely by using different colors in his map to
indicate the succession of sedimentary beds or groups of beds. The depth of his understanding 1s revealed by his
novel use of a deeper shade of color along the base of a formation thatindicated how the beds were
superimposed. Smith thus added dimension to his map by indicating a useful structural factor. A Delineation of

\
contained a particular fossil content that could be used to distinguish them from other beds. Smith made these |
the Strata of England and Wales with Part of Scotland, 1815. Wilham Srmith.
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This geological map depicts the stratigra-
phy of the country around Paris, which
came to be known as the Pans basin. It
was the result of the collaborative work of
Georges Cuvier and Alexander Bron-
gmart, although Brongmart did most of the
work. Their geological studies of that area
revealed alternaung layers—one nich in
marine shells, one with remains of land
anmimals only, and another with no fossils
at all—which indicated that the sea had
twice drained from the land. The larger
meaning of this succession of distinctly
different strata became clear when they
noticed that the stratigraphically lower
(and thus older) animals were also lower
on the taxonomic scale and often quite
unlike those in the higher beds. The two
scientists were then able to demonstrate
how fossils might be used to determine
accurately the geological chronology of a
particular area. Essas sur la géographie
minéralogique des environs de Parts,
1811. Georges Cuvier and Alexander
Brongmart.
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obvious that Wallace had arrived at the same conclusion, albeit independ-
ently and almost overnight.

Taking the good counsel of his friends, Darwin suggested joint publica-
tion of a paper to Wallace, with the result that in 1858 the Journal of the
Proceedings of the Linnean Society published their paper, “On the Ten-
dency of Species to Form Varieties; and On the Perpetuation of Varieties
and Species by Natural Selection,” which can be found tuday in the
Library’s complete set of the society’s Journal. The article contained both
Wallace’s paper « .d passages from Darwin’s unpublished book, as well as
an abstract of a letter Darwin wrote to Asa Gray (Harvard professor of
natural history) in 1857 that capsulized his theory.

The Wallace experience apparently provided Darwin with sufficient
motivation to publish, and near the end of 1859 his book appeared. Only
one-fifth as long as he would have preferred, his 502-page book was titled
On the Origin of Species by Means of Natural Selection; or, The Preserva-
tion of Favoured Races in the Struggle for Life. Only 1,250 copies were
printed in London that year and the Library of Congress collections
contain one of them. With this work, Darwin demonstrated the breadth of
his genius and left Wallace far behind. Where Wallace had taken two days
of insight to produce his short paper, Darwin had amassed twenty years of
example and evidence. Darwin rem»iued ever the scientist, always critical
of unsubstantiated fact, whereas Wallace was by nature more imaginative
and uncritical. Wallace’s later absorption with seances, his refusal to apply
his own theory to mankind, and his odd crusades against such things as
vaccination did little to maintain his scientific reputation on a par with
Darwin’s.

Darwin continued to grapple boldly with the most difficult of problems,
producing in 1871 The Descent of Man, and Selection in Relation to Sex.
In his Origin of Species, Darwin was intentionally oblique when dealing
with the issue of human beginnings, but in this later work, published in
London, Darwin masses his evidence that mankind too is the product of
evolution from lower forms of life. The Library of Congress co'lections
contain this work in its first edition.

Darwin’s theory of evolution is both simple and ingenious. It states
basically that change is the natural order of things and that the present 1s
but the product of the past. First, Darwin applied Malthus’s thesis to the
entire animal and plant world, saying, “‘As many more of each species are
born than can possibly survive, and as, consequently, there is a frequently
recurring struggle for existence, it foliows that any being, if it vary how-
ever slightly in a manner profitable to itself under the complex and
sometimes varying conditions of life, will have a better chance of surviv-
ing, and thus be naturally selected. From the strong principle of inherit-
ance, any selected variety will tend to propagate its new and modified
form.” The first assumption upon which this statement was based, namnely
that organisms in fact continually vary, was demonstrated by Darwin
himself. The second assumption, that surviving organisms will genetically
transmit their advantageous variations, was later proven by the science of
genetics, which Gregor Mendel was even then developing.

ZOOLOGY: OUR SHARED NATURE
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Darwi+’s Origm of Spectes gave zoology a
umfying, encompassing 1dea based on natural
causes and processes. Overall, it stated that
change s the natural order of things and that the
present s the product of the past. On the Onigin
of Species, 1859. Charles Robert Darwin.
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The deep and pervasive influence of Darwinism was felt not only in
every field of zoology and botany but in nearly every discipline of the arts
and scences alike. At times, it has seemed that the nonscientific fields of
politics and religion have been evea more affected by 1t than the saiences
themselves. Darwin gave mankind a great new concept of nature and of
Life itself, one based on natural causes and processes, and one that conse-
quently was truly comprehensible. The legacy of his genius is by no means
a gloomy, determined future but rather a vision that celebrates the variety
of hfe. Darwin’s view is positive and optimustic about our ability to
understand more about ourselves and our world. The dynamism essential
to evolutionary theory assures that zoology, like all other sciences, will
never be a closed book. The study of animals is an intrinsically changing
and changeable discipline.

Apart from the classifiers, experimentalists, and theorists who made
zoology a real science, two other types of zoological investigators made it
an exciting and inspiring endeavor. They are the explorers and the illustra-
tors. In the eighteenth century, it became the practice to take naturalists
and artists on ocean expeditions to observe, collect, and document the
plant and animal life of more exotic parts of the world. The earliest of
these major ocean voyages was the Pacific trip of Capt. James Cook,
begun in 1768 under the auspices of the Royal Society. The young Joseph
Banks accompanied Cook on the first of his three trips to the South Seas,
and Banks, who later became president of the Royal Society, took along
the naturalist Daniel Solander and two artists. From this first major
expedition, which was motivated primarily by sincere astronomical and
geographical goals in addition to its ambitions for empire and trade, there
arose the tradition of taking the naturalist and artist to his subject rather
than the other way around. Later exploratorv voyages famous for their
natural history were almost certainly inspired by Cook’s circumnavigation
and the wealth of exating, new information provided by his trips. The
five-year expedition of Humboldt to the Americas in 1799 was a triumph
for that natural historian and inspired the young Charles Darwin. Cook’s
great voyages during the eighteenth century were the forerunners of all
subsequent ocean expeditions. His trips caused a sensation in Europe and
resulted in numerous publications, many of which contain valuable zoo-
logical information. The Library has in first edition Cook’s own accounts
of his trips to the South Pole and the Pacific, published in 1777 and 1784,
respectively. Also in the Library’s (ollections in first edition are the three
volumes John Hawkesworth compiled from Cook’s journals and Banks’s
papers, entitled An Account of the Voyages . . ., published in London in
1773. But the first complete version of Cook’s journals was not published
until 1955. The Library has this work, The Journals of Captamn James
Cook on His Voyages of Discovery, which was edited by John Cawte
Beaglehole and published in four volumes in Cambridge. Other publica-
tions that resulted from this voyage contributed to the science of botany.

In addition to the literature of the Cook voyages, the Library has the
report of the Wilkes’s expedition, Narrative of the United States Exploring
Expedition, published first in five volumes in Philadelphia in 1844. This
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Pacific trip was the first of its kind authorized by the U.S. Congress. Also
among the published results of the more famous expeditions is The Zool-
ogy of the Voyage of H.M.S. Beagle, admirably edited by Charles Darwin
and published in London in five volumes from 1839 to 1843. The Library
has a complete set. It also has the massive, forty-volume Challenger
Report, issued between 1880 and 1895 and written mostly under the
direction of the famous biologist John Mu.ray. The HM.S. Challenger left
Portsmouth, England, on December 21, 1872, for a three-and-a-half-year
expedition around the world. This highly organized voyage accumulated a
huge amount of oceanographic, botanical, and zoological information,
which was published over a fifteen-year period. Thirty-seven of its volumes
deal solely with zoology.

By thie time of the Challenger expedition, the wildlife photographer had
replaced the natural history artist. Until then, however, it was the zoologi-

ZOOLOGY: OUR SHARED NATURE
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The people encountered on Captain Cook’s first
voyage around the world were often more
strange and exotic to the voyagers than the flora
and fauna. Cook described this highly orna-
mented chief as “punctured, or curiously
tattowed, from head to foot.” In the center of
his feathered headdress 1s a mother-of-pearl
shell decorated with tortoise-shell. Santa Chris-
tina 1s one of the five 1slands which make up the
Marquesas Islands north of Tahiti and Pitcairn
in the central Pacific Ocean. A Voyage towurds
the South Pole, 1777. James Cook.
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Many of the zoological discoveries made during
the Challenger’s world voyage were of orga-
nisms too small to be seen by the naked eye.
Here, Ernst Haeckel depicts fifteen species of
radiolana, all named after the famous vessel, as
well as seven other kinds. Altogether, Haeckel
descnibed 144 new kinds of these one-celled
marnmne animals characterized by their spikes and
spines. Report on the Scientific Results of the
Voyage of H.M.S. Challenger, 1880-95.
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cal illustrator who filled the important and primary role of depicting what
various animals actually looked like. By the beginning of the eighteenth
century, zoological illustrators were becoming increasingly intrigued by the
wealth of new animal subjects available in the expanding colonies of
English and French North America.

Colonial America was a zoological wonderland, where new species were
constantly being discovered. The first major work of this colonial period
was produced by Mark Catesby, who was born 1n England. He died well
before the American Revolution broke out, but his work is genuinely
American. The Library has the two-volume Natural History of Carolina,
published in London in 173143, in first edition. This large work contains
220 hand-colored etchings of birds and other animals done by the largely
self-trained Catesby. Acknowledged as the first real naturalist in America,
Catesby contributed tremendously to Europe’s knowledge of the New
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World and provided later illustrators with a solid body of work upon . 117
which they could build. :

The first significant American-born naturalist illustrator was William
Bartram, whose Travels through North & South Carolina, Georgia, East
¢ West Florida had a remarkably strong effect on English romantic
thought and writing. As the son of John Bartram, who had been appointed
American botanist to King George III, William pursued his father’s interest
in natural history and became a very competent ornithological artist. The
Library has his Travels, a small book published in Philadelphia in 1791, in
first edition. He was perhaps the first American ecologist—one whose
balanced sense of nature saw every plant and animal as a living entity
intimately related to its environment.

From The Natural History of Carolina, 1731-
43. Mark Catesby. See p. 106.

Catesby’s book provided valuable natural his-
tory information as well as exuberant illustra-
tions. The green snake 1n the picture, he says,
catches flies and insects, 1s harmless, and 1s easily
tamed. The plant, Caffena vera Floridanorum,
around which the snake is coiled, 1s a favorite of
the Indians who make a drink from its leaves,
“which they drink 1n large quantities as well as
for their health as with great gust and pleasure.”
The Natural History of Carolina, 1731-43.
Mark Catesby.

ZOOLOGY: OUR SHARED NATURE
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Bartram’s Travels 1s a loosely orgamzed book
filled with generalized botamcal, zoological, and
anthropological descriptions. In a somewhat
rambling and personal manner, Bartram would
offer a description of a water rat or a wild
turkey, then one of a thododendron, and then
conclude the passage by recount:ng an exaiting
adventure with a crocodile. Throughout, Bar-
tram’s directness, enthusiasm, and innocence
enliven his writing. He stated his view of the
world in the first page of his introduction: “This
world, as a glorious apartment of the boundless
palace of the sovereign Creator, is furnished
with an infinite variety of animated scenes, inex-
pressibly beautiful and pleasing, equally free to
the inspection and enjoyment of all his crea-
tures.” Travels through North & South Caro-
Iina, 1791, William Bartram.

From American Ornithology, 1808—14. Alex-
ander Wilson. See p. 107.
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Born in Scotland, Alexander Wilson is the greatest of Audubon’s precur-
sors. After his arrival in America in 1794, Wilson met William Bartram,
who encouraged him to undertake a serious study of birds. Wilson was
never well off financially and was tubercular besides, but he nevertheless
produced nine folio volumes that rendered obsolete all previous books on
ornithology. American Ornithology initiated the serious study of birds in
America.

Like Catesby, Wilson taught himself engraving, but he found his engrav-
ings to be much weaker than his drawing. He therefore commissioned
Alexander Lawson, a fellow Scot, to prepare plates from Wilson’s draw-
ings. Wilson’s work on American birds has both decorative and scientific
significance. American Ornithology was published in Philadelphia between
1808 and 1814 and was the product of ten years of feverish traveling,
drawing, and writing.

The Library of Congress collections include Wilson’s nine-volume work
in first edition along with a similarly titled book that has become insepara-
ble from it. Between 1825 and 1833, Charles Lucien Bonaparte, who was
the nephew of the Emperor Napoleon, issued his own “‘supplement” to
Wilson, entitled American Ormthology; or, The Natural History of Birds
Inhabiting the United States, Not Given by Wilson. The Library has all
four volumes, published in Philadelphia, in first edition. Bonaparte had
settled in Philadelphia and was a respected naturalist, although no artist.
He therefore commissioned Alexander Lawson to engrave the plates of
Ramsay Titian Peale and Alexander Rider, who contributed the majority
of the watercolors in the four volumes.

John James Audubon was their contemporary and indeed had met both
Alexander Wilson and Charles Lucien Bonaparte. Wilson eventually be-
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came his feuding rival, while Bonaparte was to offer encouragement and
publishing advice. Despite an inauspicious early career and a string of
artistic hardships and difficulties, Audubon became the most famous of all
bird artists, and probably the best known natural history illustrator that
ever was. As an artist of birds, however, he is simply without peer. His
magnificent four-volume elephant folio The Birds of America is breath-
taking, showing many birds as large as life. The production of this umque
folio is a story of perseverance and hard work, qualities which color the
story of Audubon’s entire life and career.

Everything about Audubon’s beginnings, not at all ordinary, has a
romantic aspect. He was born in 1785 in Les Cayes, Santo Domingo (now
Haiti), the illegitimate son of a French naval officer who had fought with
George Washington at Yorktown. He was raised in France and took over
his father’s Philadelphia plantation at the age of eighteen to escape con-
scription into Napoleon’s army. His repeated failures in business are
attributed to his preference for the artist’s pen and brush over the ledger.
Audubon had been drawing birds since he was fifteen, and he found
himself drawn increasingly to a life of excursions, observations, and draw-
ings. Gradually, he formulated what he later called his “Great Idea”—to
travel throughout America and to document, in a life-size format, every
species of continental bird. At the age of thirty-five he finally gave himself
over to his ornithological passion and set out his travels. Four years later
he had compiled an extensive portfolio of bird drawings and was in search
of a publisher. During this time, his wife helped support the family with
her earnings as a governess, and Audubon drew portraits and painted
street signs. The prospects of finding an American publisher were not
good. Not only were Wilson’s nine volumes available, but Bonaparte’s
supplement was being published, and it was Bonaparte who advised Audu-
bon to seek a publisher in Europe.

ZOOLOGY: OUR SHARED NATURE

Left:
Golden Eagle. From The Birds of America,
1827-38. John James Audubon. See p. 108.

Right:

American White Pelican. From The Birds of
America, 1827-38. John James Audubon.
See p. 109.
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In 1826 Audubon sailed to Liverpool and then on to Edinburgh and
London, all the while obtaining subscribers for a future book of engrav-
ings. His spectacular Birds of America was produced and published in
England. The first volume appeared in 1827 and the entire work was
completed by 1838. The four volumes contained 435 hand-colcred aqua-
tint plates. Audubon was extremely fortunate in his selection ot an en-
graver, the sympathetic and talented Robert Havell. William Lizars had
begun the project in Edinburgh and actually did the first ten plates, after
which Havell took over completely in London. The great size of the book,
an elephant folio, certainly is a major factor in its stunning effect. Over
three feet high, the plates give a real sense of the openness and large scale
of America.

The exact number of complete sets of The Birds of Amer:ca elephant
folio is not known, but evidence suggests there were fewer than 200 and
more than 175. The Library of Congress 1s fortunate in having in its
collections two complete sets from this original printing. In fact, the
Library appears in the subscription list Audubon appended to the fifth and
final volume of his Ornithological Biography. The list is divided into
American and European subscribers, and first among the American sub-
scribers is “Library of Congress of the United States.”” In an exhaustive
history of the elephant folio, Waldemar H. Fries says that Edward Everett
rather than Librarian John S. Meehan signed for this subscription. Everett
was a congressinan from Massachusetts and chairman of the Joint Com-
mittee cn the Library. Fries also notes that the Library’s second set was
given to it in 1929 by the Army War College, which had somehow
inherited the copy from the State Department, another subscriber.

The Library also has in first edition Audubon’s companion to the
elephant folio, the Ornithological Biography, published in Edinburgh be-
tween 1831 and 1839. This five-volume work contained the bird descrip-
tions not found in The Birds of America, in which it had been deliberately
decided to forego any text in order to circumvent the British Copyright
Act of 1709, which mandated that free copies of books with text be
furnished to nine libraries in the United Kingdom. The production of each
copy of the elephant folio was extremely expensive, and a subscriber paid
approximately a thousand dollars for a complete set.

Many have accused Audubon of being a successful self-advertiser and a
poor zoologist. To this could be added criticism of his quaint spoken
English or his naive prose style. Nonetheless, the strikingly beautiful plates
in The Birds of America capture the lifelike qualities of their subjects, so
essential to successful zoological illustrations. Audubon knew 1t was the
suggestion of movement that brought his drawings to life, and he was able
to capture the liveliness of the birds sensitively and subtly. His work is an
American zoological treasure.

As with Darwin’s theory or the classification schemes of Linnaeus,
Audubon’s illustrations are in their way transcendent. Each of these
achievements is the result of an individual’s partial but tenacious intellec-
tual grasp of a portion of nature’s secrets.
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Zoology was the latest of all the major disciplines to bloom scientifi-
cally. Not until well past the middle of the last century did zoology
embrace the oneness of life. Before then, its story was a confused tale of
false starts, dead-ends, and stultifying dogmas. Confronted by the lushness
and rich variety that characterized the phenomenon of animal life, men
were for a very long time defeated by their subject. With Darwin’s great
mental leap, however, zoology was given a single encompassing idea
through which we might perceive and interpret the mysteties of ammal
life. Darwin’s recognition of the oneness of nature gave zoology its tradi-
tion of unity and enabled us to see and to accept the primal bond of
kinship between ourselves and the animal world.

7XOOL0GY: OUR SHARED NATURE
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4. Medicine: The Healing
Science

The story of medicine is a never-ending tale of mankind’s journey of self-
discovery. On the walls of the Temple of Delphi is the Greek precept,
*“Know thyself>—and no more exciting or worthwhile pursuit is available
to man. From its beginnings, medicine sought not only to ameliorate the
hurt or to cure the disease, but, more significantly, to attain a real
understanding of its most mysterious and complex subject—the human
animal.

No other scientific discipline has as its object of study such a dynamic,
delicate, and self-aware living mechanism as the individual human being.
And no other scientific pursuit can in any way approximate the essential
identity of the observer and the observed that characterizes medicine. The
astronomer is not a planet; the botanist shares little with his sedentary but
colorful subjects; the geologist treads upon the earth yet is separate from
it. But the physician who gazes upon and studies the subject of his science
looks at and touches himself. No other science has this intrinsic empathy,
this actual species-sharing experience that allows the observer almost to
participate in the physical or even the emotional existence of the one being
observed. After all, what doctor has never felt ill or has always been free
of pain or of guilt? At bottom, both doctor and patient are essentially
living laboratories, separated only by the knowledge possessed and the
social role performed vy the former.

The irony of medicine, however, is that despite this intimate familiarity
and identification of observer and observed, medical history is perhaps best
characterized by a misunderstanding and estrangement of man from him-
self. Until relatively recently, man knew more of the motion of the planets
than he did about the coursing of blood through his veins. Man’s eyes
turned first to the heavens and only later did he begin to gaze with
reflection upon himself. All of this is to say that medicine as a scientific
activity is both young and unique.

Its relative youth is attributed to its long-term dominance by magic and
religion and even more to the esteem accorded traditional medical beliefs
and to their remarkable tenacity. Few sciences have deferred so totally to
the doctrinaire and the dogmatic. Save for the earty Greek emphasis on
reason over dogma, medicine was dominated by the torpid and the retro-
grade until the Renaissance. Notably, it was not until the Renaissance with
its greater emphasis on experience over authority that individuals began to
regard the human body with requisite detachment and curiosity. The

) . i ) Opposite page:
regular dissection of cadavers demanded a certain sangfroid that could be De humani corporss fabrica, 1543. Andreas
obtained through the rationalizing imperative of the pursuit of truth. It Vesalius.
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was in this Renaissance context of respect for nature and a return to
observing the natural world that medicine began to wrench 1tself free from
*he stifling inertia of its past. By far the most concrete example of a
traditional religious proscription mhibiting medical advance is the Koran’s
prohibition of any dissection of the body or even of its representative
depiction. This led of course to the great voids in anatomy and physiology
in Arab medicine. The western medieval mind restricted medicine’s prog-
ress in a similar way. To the Scholastics, the body was relatively unimpor-
tant in the overall scheme o1 things, it being the temporal, corruptible
counterpart to the immortal soul. The human body thus connoted all that
was imperfect in the material world. With medieval overemphasis on the
hereafter, any elaborate concern with the corporeal needs of mankind was
considered decidedly superfluous.

Some might argue that medicine and modern society in general have
swung too far in the direction of the material present, but there is no
doubt that medicine today is more connected with the essential needs of
life than any other scientific discipline. This necessary concern, even preoc-
cupation, with the fundamental physical needs of mankind makes medicine
at once familiar and special. Of all the sciences, none makes such good use
of the irrational or the intuitive, using methods sometimes questionable,
even quixotic. No forthright physician would disagree with the statement,
“If it works to the benefit of the patient, use it,” and few can claim never
to have used a placebo in some manner. Nor has any other science so
incorporated what is in reality an art as such an integral part of its
practical methodology. The modern physician still conducts what is called
the “art of diagnosis” based on what might be described as the intuition of
the skilled craftsman.

Since the story of medicine is so essentially a human story, it has—more
than most disciplines—all of the texture and variety characteristic of
human history. Its literature therefore reflects all the drama and richness
endemic to human interaction and the erratic and colorful course of
mankind. For unlike any other science, 1t is at home both 1n the laboratory
and in everyday life, on the battlefield or on the birthing-chair, in life and
in death. It concerns itself with the unseen microbe that plagues its human
host as well as the irksome thorn festering in the thumb. It seeks to
understand the mystery of human behavior by studying the mind as well
as the body. In sum, medicine is as complicated and as simple as its
human subject.

In the following treatment of some of the more significant items in the
medical collections of the Library of Congress, certain historical themes
recur that are peculiar to the study of medicine. Most obvious is the
tenacity of basically false traditional conceptions as to how our bodies
work. The corollary to this is certainly how ignorant man was for how
long about himself. As an adjunct to this theme, and offering some
explanation, is the reality of how difficult the job of piecing together the
puzzle of man is. Certain things are simply too complex to easily sort out
and others have demanded the attainment of a certain level of technology
to explore. Discovering the basic nature of infectious diseases had to await
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the microscope, for example. As for the function and purpose of our
organs and the nature of their relationships, imagine the difficulty con-
fronting the Renaissance anatomist attempting to find and then to detet-
mine the purpose of one of the smaller glands like the pituitary or the
pineal gland, whose functions even today are unclear. One can almost
imagine the frustrated invesiigator giving up and referring once agan to
the ancient texts of Galen which purported to explain all.

Another theme that emerges concerns medicine as a relatively young
science that is nevertheless practically as old as man himself. Medicine was
one of the earliest true professions, the medieval universities having had
but three faculties—law, divinity, and medicine. Significant too is the fact
that so many great men of science began as physicians—Roger Bacon,
Copernicus, Agricola, and William Gilbert, to name a few.

Although medicine would have made few major advances had 1t not
embraced the scientific method, it might be said to owe it the smallest debt
of all the sciences. For unlike most scientific disciplines, medicine some-
times admits of what might be considered the unscientific, albeit grudg-
ingly and under cover. A recognition of the mind-body nexus and all of its
implications and ramifications should remind us that as long as medicine
deals with such a dynamic, evolving, and self-conscious subject as the
individual human being, no prescribed boundary or definitive system could
contain it. Repeatedly in the history of medicine, yesterday’s dogma has
become today’s error—with supposed error often emerging as new truth.
In medicine, change must be endemic.

The history of medicine traditionally begins with Hippocrates. The heir
of a medical tradition whose origins were in Babylon, Assyna, Italy, and
ancient Egypt, Hippocrates was a Greek physician from the island of Cos.
Few particulars are known of his life, but the founding of a school of
medicine on that island is recognized as his most significant achievement.
Based on reason and observation, the school’s medical philosophy and
practice regarded disease as a physical phenomenon with natural, not
supernatural, causes. Called the Hippocratic tradition, this rational system
became the cornerstone of medicine after its Renaissance revival. The
Greek medical writings known as the Hippocratic collection, numbering
between fifty-nine and one hundred works, are now considered to be the
collected work of several generations of his school. Although it is not
known for certain whether Hippocrates wrote any of the works, they are
nonetheless written in the best Hippocratic tradition of reason, observa-
tion, and moral conduct.

The first complete Latin edition of Hippocrates was published in 1525
in Rome under the auspices of Pope Clement VII. The Greek “editio
princeps” followed the next year in Venice. The earliest of these collected
works at the Library of Congress is the 1546 Opera quae ad nos extant
omnia, printed in Basel in Latin. The Library also has the 1624 Opera
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omnia quae extant published in Frankfurt, which presents the text in
Greek and Latin in parallel columns. Finally, among the collected works in
the Library is the magnificent Oeuvres compleétes, edited by Emile Littré
and published in Paris between 1839 and 1861. The Library has volumes
1-6 of the ten-volume set. This triumph of modern scholarship contains
both the Greek text and the French translation, critical notes, and special
introductions to each separate treatise. It was Littré’s lifework.

Hippocrates and his school became as famous for their commonsense
medical sayings as for the philosophy and method they exemplified. Up to
the Middle Ages these adages were regarded as the quintessence of Hippo-
cratic medicine. Once rediscovered and printed in the early sixteenth
century, the Aphorisms, collected 1n seven books, became the most famous
of all Hippocratic writings. The earliest edition of this work in the Library
of Congress is a 1530 Latin edition, Hippocratis aphorismi, published in
Paris. The first and most famous of these aphorisms states, “Life is short,
and the art long; the occasion fleeting; experience fallacious, and judgment
difficult.”

Hippocrates lived during the classic period of Greek history and was the
contemporary of Sophocles, Euripedes, Aristophanes, Pindar, Socrates,
Plato, Herodotus, and Thucydides—a remarkable group of peers. His
renown has equaled that of any of these giants and he remains our exemplar
of the scientific tradition. To medicine, he offered freedom from superstition,
a systematized body of knowledge, and a tradition of the highest standards
of conduct. The Hippocratic oath that defines the duties of a physician
is still taken by medical students upon completion of their training.

The post-Hippocratic decline of Greece and the rise of Rome saw
medicine go from the formal to the doctrinaire to the moribund. One of
the few real contributions to medicine from this time came from a very
learned Roman, Aulus Cornelius Celsus. Although he may not have been a
practicing physician, he was a scholar of the first rank and one of the first
great encyclopedists. His De medicina, the work for which he is best
known, was originally part of a much larger, encyclopedic work 0oa many
subjects, including medicine. Written during the reign of Tiberius, the
work received little praise in its time and was actually lost for many
centuries. With the revival of learning and the rediscovery of De medicina
in the early fifteenth century, the book became one of the first medical
texts to be printed. It was published in Florence in 1478. The Library’s
copy is a 1497 edition published in Venice. Written in elegant Latin, De
medicina consists of eight books and systematically offers an exposition of
prevailing medical knowledge. In most things, Celsus held strictly to Hip-
pocrates and was later called “‘the Roman Hippocrates.” His book also
qualifies as the first real medical history text, Celsus having impartially
included descriptions of developments from the post-Hellenistic period to
his own time. During the Renaissance, its Latin translations of Greek
medical works made it a popular and valuable source book of medical
terminology. Celsus garnered the medical knowledge of Greece, Egypt, and
Rome and set it forth 1n one place both for practical use and for future
generations.
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Up to now, nothing has been said of any specific medical treatments or
diseases. This is so primarily because the Hippocratic school was not
distinguished by its ability to right a particular medical wrong—although 1t
offered much that was helpful. Rather, the Hippocratic school was con-
cerned more with the learning process itself—that of observing and de-
scribing the medical situation in its totality—than with a particular treat-
ment of a particular condition. The Hippocratic physician would focus on
diagnosis and prognosis—searching all the while for real understanding
and knowledge. As for treatment, the same physician was a great believer
in what has loosely been translated from the Greek as “life force”—that
natural, recuperative process or power that the body contains. Although
the Hippocratic physician was not a total do-nothing, who could name a
disease but do little to cure it, his powers were certainly limited, especially
from the patient’s point of view. By the time of Pliny and his contempo-
rary Dioscorides, who compiled the first materia medica (described in the
chapter on botany), medicine had undergone a substantial change. Rather
than practicing the careful, laissez-faire method of Hippocrates, the Greek
physician employed by the rich Roman offered a combination of herbalism
and magic to help his ailing patient, looking always for external cures. By
the second century A.D., medicine had lost its Hippocratic impetus and had
begun a steadily retrogressive movement away from the paradigms of
reason and observation, a tendency so symptomatic of a culture in decline.

It was during this period of Roman decadence that a Greek physician,
Claudius Galenus, known as Galex, acquired his extraordinary reputation.
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Galen was educated in philosophy and medicine and gained considerable
medical experience traveling throughout the eastern provinces of the
Roman Empire. At one time, he was physician to the gladiators at his
native Pergamon. Soon after his move to Rome he became the most
celebrated and well-connected physician in the city, eventually serving as
court physician under Emperor Marcus Aurelius. His fame and reputation
as a medical authority were to reach such proportions that his writings
would become the bible of medicine for nearly fifteen hundred years. It
could be said that his personality—his style was one of bland self-confi-
dence—made his reputation and that his prolific writing guaranteed its
permanence. Galen never stopped writing or dictating and produced about
four hundred individual works. Much of this was destroyed 1n a fire in
A.D. 192, What remained, however, was sufficient to ensure his glory, for
Galen had cast his medical work in a ngid all-encompassing (and all-
answering) mold. For well over a millenmum, his work was regarded as
medical dogma by an unquestioning horde of physicians who used it as
one would a dictionary. Up to the ume of Vesalius, Galen was regarded <
the final authority from whem there could be no appeal. In tone and
substance his writings were omniscient and authoritative, and were natu-
rally much admired in an age when people preferred to accept rather than
to discuss.

Despite their popularity, Galen’s works were not among the first genera-
tion of printed books. The first Latin translation of his complete works
was published in Venice in 1490, and the first edition 1n the original Greek
was pnnted in Venice in 1525 in five volumes. The Giunta Press of Venice
published several Latin editions, and the Library has volume 3 of the 1541
Opera omnia, titled Extra ordinem classium libri. Two books form this
large volume, one of which is copsidered to be a spurious work of Galen.
The volume has a woodcut border on the title page, imuials, and head-
pieces, all of which depict scenes from the life of Galen. Among his
individual works in the Library’s collections are eleven selected editions
published during the sixteenth and seventeenth centuries on such topics as
anatomy, the pulse, food, and orthopedics.

Galen’s writings were an extension of his system of pathology, which
combined the humoral notions of Hippocrates with the four-element
theory of Pythagoras. These, in turn, were overlaid by a strictly teleolog-
ical system that said that everything in nature was designed by God
beforehand. Teleological “proof” replaced empirical evidence in Galen’s
system—he perceived the cosmic design and therefore had an answer for
everything. Despite Galen’s arrogant and seemingly omniscient stance, 1t
was largely his followers who were to blame for the sterile state of
medicine that descended upon Europe after his death. Galen himself was
an acute observer with wide experience of native remedies, and his work
contained much that was good and even progressive. But his authoritarian
philosophy was reinforced by that of the coming age, and medical thought
simply crystallized.

With the fall of Rome, the centers of culture and science shifted to the
East—first to Constantinople and then further east to Persia. Medicine too
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made this eastward journey, returning to the part of the world where it
was born. As a threatening stillness settled over the West, medicine found
a safe and secure port with the ascendant Arabs. This historical period of
Arab medicine, which coincided with the most flourishing period of Islam,
lasted more than seven centuries. During that time, medical knowledge
was carefully maintained by the Arabs and underwent a period of coales-
cence. Arab scholars collected, compiled, and translated Greek works into
Arabic—all the while using and testing what they read. They were not
mere depositories of knowledge, simply guarding the flame of ancient
wisdom and then passing 1t on, but made many original contributions.
These scholars and physicians are called Arabic since that was the lan-
guage in which they wrote, but many were in fact Persian and Jewish.
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They produced their great compilatory medical texts 1n manuscript form
during this period of Arabian medicine but remained largely unknown to
the West until the twelfth-century translators of Spain retranslated the
Arabic into Spanish. These medical translators were generally Jewish phy-
sicians, men who were subsequently called the great intermediaries of the
Mediterranean. By the mid-fifteenth-century invention of printing, medical
knowledge had come full circle, and the wisdom of the Greeks saw print
in Latin, Greek, and various vernacular languages under the name of
several Arab authors. Particulars of medicine aside, what was most signifi-
cant about this recapture of Greek knowledge was its philosophical foun-
dation, as assimilated and passed on by Islam. This foundation enabled
pre-Renaissance Europe to regain the spirit of inquiry so essential to the
scientific method and to the progress of any body of knowledge—in
science or the arts.

During the tenth century when Arab medicine was flourishing, its most
famous physician was a Persian who was called Rhazes in the West.
(Rhazes is the Latinized version of Abi-Bakr Muhammad ibn Zakariya’
Al-Razi). A true follower of Hippocrates, Rhazes was a first-rate clinician
as well as teacher, author, and court physician. During his long career, he
produced over two hundred works, few of which survive. One of his most
famous, an enormous encyclopedic compendium of all known medical
knowledge, was first printed at Brescia in 1486 and was called Liber
continens. The Library does not have a copy of this huge incunabulum in
its collections, but it does have a 1501 compendium of medicine in the
form of a commentary of Rhazes’s famous ninth book of the Almansor.
The ninth book, printed separately as Liber nonus almansoris, was a
textbook of pathology and +  *ment, and was often commented upon in
Western medical schools. ary’s Rhazes, published in Lyons in
1501, is called Clarificato, super nono Almansoris and was prob-
ably the course of lectures gi. Dy its commentator, Jean de Tournemire,
as an introduction to the study of Rhazes’s ninth book. The manner in
which Rhazes is said to have lost his sight illustrates the perils of being the
physician of a powerful ruler in those days. Legend has it that Al-Mansir,
the ruler of Bukhara, was displeased by some of Rhazes’s failed chemistry
experiments and ordered him beaten with his own book until either the
head or the book was broken. Such mistreatment of court physicians was
not uncommon in the West, either.

Another Persian who at times feared for his life was the illustrious
physician called Avicenna (who was also known in the West as Ibn Sina).
A child prodigy who was able to recite the entire Koran at ten years of
age, Avicenna lived two centuries after Rhazes and became the physician
of several Muslim rulers. He wrote on many subjects, and his medical
work is based largely on that of Hippocrates and Galen. Like Rhazes, he
also contributed many original medical observations and descriptions. His
most famous work, Canon medicinae, went through many editions and
influenced medical thought and practice for centuries. The first complete
edition was published in Milan in 1473. The edition in the Library of
Congress collections was published in Padua in 1479. The Canon of
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Medicine is composed of five large books and has been described as the
final codification of all Greco-Arabic medicine. This massive work was
written with a tone of absolute authonty and 1ts title, Canon (a regulation
or dogma decreed by the Church), indicated the manner 1in which Avi-
cenna wished it to be regarded. The Library also has his Cantica de
medicina with commentary by Averroes. It was translated from Arabic
into Latin and printed in Venice in 1484.

A century after Avicenna’s death, Arab medicine began 1ts decline as the
Muslim empire came apart. Muslim disunity, pressure from the Christians
in Spain, and assaults by the Turks and Mongols to the east were among
the forces that worked against Arab hegemony. It was during this period
that the greatest of all Spanish Muhammadan physicians, Avenzoar, and
his pupil Averroés prospered. Avenzoar was born in Seville and practiced
medicine at Cordova, which had become a seat of learning and commerce
and was by far the cultural center of Europe. Cordova 1n the twelfth
century was a city full of doctors and could claim, at one time, to have
fifty-two hospitals for its one million inhabitants. Avenzoar (or, Ibn Zuhr)
was known to the city as the “Famous Wise Man,” who had the courage
to challenge the teachings of both Galen and the revered Avicenna. He was
an essentially practical physician and took great exception to all of the
philosophy he found in Avicenna. He 1s represented in the Library’s
collections by his Liber Teisir; sive, Rectificatio medicationis et regimmis
first published in Venice, 1491. Originally written in Arabic, it was trans-
lated first into Hebrew and then into Latin and served as a practical
handbook for the physician. Avenzoar reinforced the Arabic antipathy
toward actual contact with the human body by proscribing surgery as
unworthy of a physician. This distance between medicine and surgery was
to increase during the Middle Ages and the Renaissance, much to the
detriment of the discipline, and Avenzoar must take some negative credit
for this.

His friend and pupil Averroés (or, Ibn Rushid) was both philosopher
and physician, and he stressed the theoretical aspects of medicine. His
major medical work, called the Colliget, is a very general medical encyclo-
pedia. First published in Ferrara in 1482, the Colliget, or Book of Univer-
sals, is found in the Library’s collections bound with the previously de-
scribed Rectificatio medicationis by Avenzoar. Since Averroes wrote during
the decadent phase of Arab medicine, his work had a greater impact on
the Christian culture of Europe than upon his own. In fact, he is best
known as the commentator par excellence and the introducer of Arstotle
to the Christian Scholastics. His name has become linked to one of the
more interesting intellectual phenomena in the history of medieval ph:ioso-
phy. During the thirteenth century, Averroism became a platform for
anticlerical opposition, the anticlericalists espousing its founder’s penchant
for uncompromising rationalism. Averrées the man was indeed a free spirit
for his time, and his denial of the immortality of the soul (it rejoined
universal nature after death he believed), gained him the condemnation of
both Moslems and Christians.

Thirty-eight years after the death of Averroes, Cordova was reconquered
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by Ferdinand III of Castille, in 1236, and the Arabian presence 1n Spain
was finally removed. In the East, the destruction of Baghdad by the
Mongols sealed the fate of the Arab Empire and extinguished five centuries
worth of Arab power and dominance. Assessing the Arab influence on
medicine, most now agree that the Arabs were both preservers and con-
tributors. Their primary role was undoubtedly that of keeper of the
ancient flame of Hippocratic thought. By respecting these ancient texts,
translating them, and preserving them, they performed an invaluable
service to themselves, to the West, and to science. As a vigorous and
pragmatic people, quite urbane and sophisticated when compared to the
feudal, ascetic, medieval West, they were receptive to new, non-Arab ideas
and tolerant of intellectual diversity. Their enthusiasm for the Greek texts
was thus characteristic. Once the old knowledge was theirs, it did not lie
fallow. Although Arabian tenancy in the house of the Greeks did not alter
its basic structure, their stewardship was by no means passive. Their
creative work in chemistry gave a scientific basis to pharmacology and had
a lasting influence on the medical use of drugs. Arab physicians contrib-
uted many original medical observations and therapeutic techniques. More
importantly, they gave particular emphasis to reason over dogma and
encouraged the lay practice of medicine, in contrast to the practice in the
West where cleric-physicians dominated the field of medicine. The major
void in Arab medicine was a scanty knowledge of anatomy and physiol-
ogy—attributable to the Koran’s prohibition both of dissection and repre-
sentative depiction of the human body.

During these fertile centuries in the East, medieval European medicine
was in a state of relative dormancy. For the most part, the practice of
medicine in the West in these early centuries of the Middle Ages was
carried out by the clergy. The establishment of several monastic infirmar-
ies, whose monks roamed far and wide dispensing medical aid, led people
to look to the Church as much for physical as for spiritual balm. Because
of this very success, various Church councils eventually forbade monks
from practicing outside the monastery. The decline of active monastic
medicine in the tenth century coincided with the beginnings of lay medi-
cine, and foremost 1n its rise was the famous school of Salerno.

The seaside town of Salerno, south of Naples, was known even to the
Romans as an ideal health resort, and with a nearby monastic infirmary,
Montecassino, exercising its influence, the name Salerno became identified
with the healing art. It was literally a school of medicine—the first since
Alexandria—and became the focus of all secular medical activity. Legend
has it that its origins lie with four enlightened founders, each of whom
taught medicine in his native language. Not surprisingly, each also repre-
sents a major medical—and ethnic and religious—sect. So, history tells of
the school being founded by the rabbi Helinus, the Greek master Pontus,
the Saracen Adela, and the Latin master Salemus. In fact, the port of
Salerno was a crossroads of races and civilizations, a city of decidedly
international flavor. Cultivating a taste for tolerance and openness, the
school reflected the city in its receptivity to new and different medical ideas
and methods, and as such became a beacon of hope in a very dark age.
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This late medieval vellum manuscnipt page was
done about 1410 in South Germany. It 1s a crude
representation of Zodiac-man, a typical illustra-
tion that accompanied other venesection plates,
showing a naked man with the twelve signs of
the zodiac, each of which relates to a speaific
part of the body. Encyclopedic manuscript con-
taining allegorical and medical drawings. South
Germany, ca. 1410,
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By the eleventh century, the Arab (and therefore, Greek) influence had
settled into the school’s teachings and an orgamized corpus of practical
medical knowledge became available to all. The medium for this informa-
tion was truly inspired, however, for its compilers used verse form to
convey their message. The famous poem Regimen sanitatis Salernitanum,
with its seductive thyme and sometimes humorous maxims, became the
backbone of all practical medical literature up to the Renaissance. Among
the Library’s collection of seven incunabula of this long didactic poem, the
earliest is a Louvain edition published sometime between 1483 and 1496.
By the time of its first edition (Cologne, 1480), the book was publicizing a
school in decline, Salerno having seen the end of its golden period well
before the invention of printing. But The Salerno Regimen of Health, its
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catchy verses of diet and hygiene having been memorized by generations of
physicians, became the town’s chief medical and literary legacy.

The book’s popularity was such that it saw almost three hundred
editions and was translated into many languages. Regimen was for some
time attributed solely to Arnaldus de Villanova, who lived from 1235 to
1315 and produced the first manuscript version, but its real origins were
collaborative and are therefore anonymous. The decline of Salerno did not
cause the field of medicine to suffer, its preeminence having been assumed
by other new universities that were springing up north of the Mediterra-
nean. Salerno’s medical legacy was perpetuated by its literature—the Regi-
men sanitatis Salemitanum having ensured this by its popularity—and was
carried on by others. Most importantly, Salerno had reintroduced the West
to its Greek medical heritage, a legacy whose essential common sense and
rationality were to blossom slowly into a real science, despite astrological
and alchemical detours.

Many medical concepts and methods regarded now as detours or dead-
ends were a part of the mainstream of medieval medicine and were no
more questioned than are any of our modern nostrums. No medical
procedure so typifies all that was bad about medieval medicine than does
that of the essentially ignorant physician deliberately withdrawing a pre-
scribed amount of blood from a particular part of the body of his sick
patient. The medical tradition of bleeding was perhaps the most persistent
and tenacious of all the therapeutics, lasting well into the nineteenth
century. Despite its ancient origins—it has been traced as far back as the
Egyptians—bleeding might not have taken such a firm hold nor been as
easily accepted had it not been joined by the equally unscientific and
specious ally astrology.

The astrological vein in the history of medicine is both wide and deep
and it is perhaps best exemplified in the many popular “bleeding calen-
dars” of the Middle Ages. Such calendars were found in manuscript,
printed broadside, and book form and indicated the optimum days on
which to draw blood and the body points from which to draw it. In a
way, these calendars were a type of institutionalized irrationality in that
they provided a degree of legitimacy to an essentially worthless and possi-
bly detrimental act. Their very complexity—instructions varied for differ-
ent phases of the moon, for different diseases, and at different body
points—lent them an aura of sophistication and credibility. “The art is to
know what vein to empty for what disease.” Thus it 1s not too surpnising
that the first known piece of medical printing is the famous Mainz Calen-
darium for the year 1457, printed with the Gutenberg types of the Thirty-
Six Line Bible. A unique copy was discovered in 1803 and consists only of
its upper half. It now rests in the Bibliothéque Nationale in Paris. The
earliest calendar in the collections of the Library of Congress is a vellum
manuscript produced in South Germany around 1410. It contains five
leaves of pen-and-ink drawings of the human body with indication lines
showing the points to bleed. Another leaf shows the earth and seven
planets. Two other leaves containing allegorical and religious illustrations
are also included in this manuscript.
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This bloodletring guide 1s from an early
sixteenth-century reference manual called

The Shepherd’s Calendar. As a compendium of
all sorts of practical information, 1t contained an
obligatory section on health which offered zo-
diacal and physiological charts and drawings on
bloodletting. The lines leading to the figure’s
body indicate points from which blood 1s to be
let. Der scaepherders Kalengier, 151€,

—

The earliest printed calendar in the Libraty is the Kalendrier des bergers,
first published in Paris 1n 1491 by Guy Marchant (printer of the fanious
Danse macabre). The Library’s copy of this popular manual of medicinal
and astrological lore is an amplified edition, published in the same city in
1497. This work has been described as the first book printed for the
common people, and its title alone, The Shepherd’s Calendar, tells us that
it was not intended for scholars or the rich. As a compendium of practical
information, 1t served the wider reading public as a secular bible for daily
reference. One of its five sections is devoted to “physic and the governance
of health” and contains zodiacal and physiological charts and drawings on
bloodletting. The Library also has a 1516, Antwerp edition in Dutch, Der
scaepherders kalenger, whose illustrations are identical to Marchant’s
work but are done 1n more lively color.

Another type of pre-Renaissance medical literature that became even
more popular—and was more useful—than the bleeding calendar was the
herbal. Aimed at the laity rather than the clergy, these books not only
described the medicinal properties of plants but, in a broader way, func-
tioned as encyclopedias of popular medicine. Such great herbals as Dios-
corides’s De materia medica (1478), the famous Hortus sanstatis of Mainz
(1491), and the well-illustrated Herbarius Latinus (1499) are all part of
the Library’s collections and are discussed in the chapter on botany. One
major work not mentioned in chapter 2 is attributed to Albertus Magnus,
the great Dominican bishop and teacher of Thomas Aquinas. Albert’s
interest in science was wide-ranging and he seems to have dabbled in
almost everything. Nearly two hundred years after his death, the Liber
aggregationis or De virtutibus herbarum, which contains a group of medi-
cal writings attributed to Albert, was first published, in 1477. The Library
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has the 1481 edition published in Rome as well as the 1482 Bologna
edition of this work, which exemplifies the extent to which astrology had
crept into herbal recipes by the fifteenth century. An interesting sample of
Albert’s advice suggests that if marigolds “be gathered, the Sunne beynge
in the sygne Leo, in August, and be wrapped in the leafe of a Laurell, or
baye tree, and a wolves tothe be added thereto, no man shalbe able to
have a word to speake agaynst the bearer thereof, but woordes of peace.”
Although in many cases the nostrum of the herbals werc more magcal
than medicinal, there were a significant number of herbal recommenda-
tions both sound and efficacious. A good example is the juice of the
willow leaves taken for fevers—its salicylic acid later became the base for
aspirin.

Although the herbal pharmacopoeia and encyclopedias were very popu-
lar, they were not based on any sound theories of medicine or upon any
real, scientific body of knowledge. In fact, the most elementary details of
anatomy and physiology were unknown to the best physicians of the
fourteenth century. Soon, however, the creative burst of Renaissance en-
ergy and imagination was to alter irreparably this tranquil but ignorant
medical scene. It is one of the achievements of the Middle Ages that the
universities were by then fully organized and entrenched in European
intellectual life. The emergence of the universities, or “studium generale,”
as they were called, rivals on an intellectual plane the architectural magnif-
icance of the medieval cathedrals. In this intellectual advance of Western
civilization, medicine led the way with the school of Salerno. With Saler-
no’s decline, other, broader institutions arose which taught law, philoso-
phy, and theology in addition to medicine. The greatest and perhaps the
oldest of these universities was Bologna, with rivals in Oxford, Salamanca,
and Paris, to name a few. The significance to medicine of the umversity
system is apparent when one notes that virtually every individual to be
discussed in this chapter from this point on-——from the fifteenth century
on—is linked in some way with a university. To sum up the medieval
legacy to medicine, then, is to describe the framework and the foundation
within which and upon which the coming explosion of medical knowledge
was to be organized and constructed.

As it seems so often 1n human history, things get worse before they get
better, and so it was that the renaissance in medicine was preceded by a
succession of terrifying plagues. The pestilence is said to have begun in the
interior of Asia and later India during the first third of the fourteenth
century, crisscrossed Europe several times during the following two dec-
ades, and even reached Russia by mid-century. Although the cities’ ravaged
populations were totally ignorant of its etiology, they were well aware of
the contagious nature of the disease. (It was really several diseases, the
worst being bubonic plague.) Many hygienic ordinances that reasonably
regulated everyday life were attempted, but the hopelessness and medical
impotence encountered daily led to the desperate embrace of the irrational
as well. Prohibitions against cursing and bell-tolling were innocuous when
compared to the fate of those Jews accused of causing the Black Death by
poisoning wells. Supernatural explanations also were popular—the 1345
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The plague or Black Death that nipped through Europe in the fourteenth century 1s
estimated to have killed one-quarter of the population. In this illuscration from the
Pestbuch, a plague victim, looking wary but comfortable, points out to his three
attending physicians the characteristic swelling or boil under his armpit. Medicine
was powerless to do anything to help, and ordinary life in the afflicted cities and
towns became a trial of despair, dislocation, and disruption. Pestbuch, 1500.
Hieronymus Brunschwig.
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conjunction of Saturn, Jupiter, and Mars being interpreted as espeaally
catastrophic.

As would be expected, plague literature is rich and varied, the most
vivid and literary being Boccaccio’s description of the plague of Florence.
His introduction of the stories of the Decameron contains what has
become a classic description of the plague’s physical ravages and social
destructiveness. Despite this vividness of detail, it is his pathos that 1s most
arresting:

How many valiant men, how many fair ladies, how many sprightly youths,
whom, not only others, but Galen, Hippocrates or Aesculapius themselves would
have judged most hale, breakfasted in the morning with their kinsfolk, comrades
and friends and that same might supped with their ancestors in the other world!

The Library has the 1492 Venice edition of Decamerone as well as
several other early editions of this masterpiece of world literature. A book
that relates more closely to the medical aspects of the plague 1s the
Pestbuch, written in German by the famous surgeon Hieronymus Brun-
schwig and published in Strasbourg in 1500. Although the text is in
German, the title page uses the Latin Liber pestilentialis de venenis epidi-
mie. Three centuries after these medieval scourges, a plague was to rip
through seventeenth-century England with similarly catastrophic results.
This time its chronicler was Daniel Defoe, whose 1722 Journal of the
Plague Year presents a striking picture of those hard times. Defoe was only
five years old when the 1655 plague that he chronicled took place, but his
portrayal of those times was so vivid that many regarded it as the work of
an eyewitness. The Library has a 1763 edition, retitled The Dreadful
Visitation, published 1n Germantown, Pennsylvania. Significantly, it was
during the plague year of 1665 that the young Isaac Newton retreated to
the countryside for study and contemplation—and discovery—the universi-
ties having closed down because of the contagion.

The horrors of these times can only be imagined, but no doubt they
were decades of grotesque extremes—of social chaos and apathy, of de-
moralization and hysteria, of hopelessness and violence. Little wonder,
then, that such bizarre collective aberrations as the dancing mania and the
Flagellants sprang up. During plague times, wrote Boccaccio, “Neither the
advice of any physician, nor the virtue of any medicine prevailed.” Said
another contemporary, “The father did not visit the son nor the son the
father. Charity was dead and hope abandoned.” The passing of these times
heralded also the end of the Middle Ages and brought a revival of
learning. The invention of printing allowed for the rapid spread of new
medical knowledge, and medicine was about to begin a remarkable new era.

The renaissance in medicine paralleled that of art and literature and
recovered the traditions and concepts of classical Greece. Disease again
came to be regarded as an imbalance of our physical natures that could be
studied and treated. No more was ill health simply the consequence of sin,
as the Scholastics had taught. The human body came to be regarded not
only as a beautiful object and a worthy subject of art but also as a proper
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In 1722, Daniel Defoe, author of Robinson Cru-
soe and Moll Flanders, published this account of
the infamous London plague of 1665. His por-
trayal of those imes was so vivid that most
thought 1t was the work of a real eyewitness, but
Defoe was only five years old 1n 1665. Defoe
tells his historical tale of horror in a journalistic
manner, using the ficnonal “H.F.” as his narra-
tor. Nearly two and a half centuries later, An-
thony Burgess wrote, “Its truth 1s twofold: 1t has
the truth of the conscientious and scrupulous
histonan, but its deeper truth belongs to the
creative imagination.” The Dreadful Visitation
1 a Short Account of the Progress and Effects of
the Plague, 1763. Damel Defoe.
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Without dissection of corpses, knowledge of hu-
man anatomy could not advance. In the early
fourteenth century, Remondino de Luzzi,
known as Mondino, practiced systematic dissec-
tions at Bologna and used the human cadaver to
teach anatomy. In this fifteenth-century engrav-
ing, Mondino is shown in the lecture chair over-
seeing an assistant who is about to begin a dis-
section as students watch, The lesson begins
with the traditional vertical inasion. Fasciculus
medicinae, 1495, Joannes de Ketham.
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object for mntense physical study. This change in attitude made dissection
of cadavers a fit and proper scientific activity. Altogether, the humanist
tone of the times allowed some of medicine’s greatest minds to do their
greatest work. The nichness and depth of Renaissance medical hiterature 1s
such that only major representative works in each general area can be
discussed here.

No part of medicine experienced such a quantitative and quahtative leap
during this time as did the study of human anatomy. During the preceding
centuries, dissections were performed at universities only occasionally and
were not a regular part of medical instruction. The first outstanding
anatomist was the northern Italian Mondino, who taught at Bologna
during the early years of the fourteenth century. It is to his work that the
next two major texts of anatomy are related. Fasciculus medicinae, com-
piled by the German physician Johannes de Ketham, 1s recognized as the
first medical text with realistic illustrations. The work is not oniginal with
Ketham and contains a series of separate treatises by others, most notably
Mondino’s Anatomua (which was added in Ketham’s later editions). The
Library’s earliest copy is the second Latin edition (Venice, 1495), which
differs markedly at times from the first edition (Venice, 1491). In 1493, an
Italian edition was made whose smaller format mandated that new wood-
cuts be made, and these were used in the 1495 Latin edition also. It is the
1493 edition and its successors that have been hailed as marking the
transition from medieval to modern medical illustration. The Library has a
later Dutch edition, published in 1529 in Antwerp, as well.

As the first printed illustrated medical text, Fasciculus medicinae exhibits
woodcuts of high quality. Among the didactic illustrations were conven-
tional pictures of Zodiac Man, Blood-Letting Man, and Planet Man—
drawings of the body that linked treatment and astrology. The illustration
in the 1493 edition that differs most because of its new realism is that of
the female anatomy. The work 1s significant not for its medical content but
for its landmark illustrations and its inclusion of Mondino’s dissecting
manual.

Another illustrated anatomical work th:t harks back to Mondino 1s the
Commentario . . . super Anatomia Miindini, by Jacopo Berengario da
Carpi. The Library has the first edition (Bologna, 1521) of this small, well-
illustrated work. As a professor at Bologna, Berengario wrote this anatom-
ical compendium to supersede Mondino’s work, and amplify Mondino it
does, for its fine engravings reveal many anatomical discoveries. Berengario
can be considered the precursor of Vesalius, in that his accurate descrip-
tions differed considerably from the traditional doctrine of Galen. His
anatomical illustrations seem to incorporate techniques learned from
Leonardo da Vinci.

Leonardo began the first of his anatomical drawings in 1489 (the date
on the oldest sheet of his sketchbook), and he died just two years before
Berengario’s text was published. The magnificent Florentine was not only
an anatomust but, among other things, a graphic artist, an architect, and
an engineer. His dedication to reproducing accurately what he saw led him
to disregard the anatomical dogma of Galen or of any other traditional
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authority. He performed scores of careful dissections and reproduced what
he observed with an almost inhuman fidelity. He never produced his
intended textbook on anatomy, however, and only his original sketchbook
remains. Although Leonardo’s sketchbooks were not published in their
entirety until the end of the nineteenth century (the Library has the 1898
Paris folio A of I manoscritti di Leonardo da Vinci della Reale biblioteca
di Windsor: Dell’anatomia, but 1t does not have the 1901 Torino folio B),
it is known that copies were in circulation after his death.

While Leonardo’s work certainly influenced those who saw his studies,
there is no established connection between his anatomical work and that
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Ths elaborate architectural utle page introduces
the work of Jacopo Berengario da Carpy, a pre-
cursor of Vesalius. Berengario’s realistic work
amphfies and goes beyond Mondino buts sull
part of the medieval tradition. The pic ture be-
low—the sitting teacher lecturing at the foot of
the corpse while an assistant does the actual
dissecion—1is a typically medieval scene. Com-
mentaria .. super Anatomia Mundim, 1521,
Jacopo Berengario.
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Andreas Vesahus was prompted to write his
own anatomical textbook when he discov -=d
that the prevailing works of the medical estab-
lishment, all based on Galen, were incorrect
about many aspects of human anatomy. In true
Renaissance spirit, Vesalus then decided that
his book would adhere strictly to what his dis-
sections actually revealed. The result1s a work
of both great medicine and great art. The real-
ism and fineness of detail in this engraving as
well as the starthngly umque manner of presen-
tation is characteristic of the entire work. De
buman corpors fabrica, 1543. Andreas
Vesalus.
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of Andreas Vesalius, the famous anatomist who was born five years before
Leonardo’s death. The name Vesalius has revolutionary connotations to
the world of medicine. Although his work caused no real revolution in
medicine during his lifetime, it was his epochal De bumani corporis fabrica
that put the fatal crack in the wall of Galenism. Others surely had doubted
and even questioned the teachings of the revered Greek. Berengario made
innovative corrections to Mondino (and therefore Galen), and Leonardo
went his own way, discounting ali traditional wisdom. But it was not until
Andreas Vesals, a Fleming of German origin who taught anatomy at the
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University of Padua, that a book was pub'ished that openly contradicted
the essence of Galen’s teachings. The Fabrica appealed to nature and not
to any tex:book for final authonty. In it, Vesals literally started over,
shaping the science of anatomy anew.

The Library’s copy of De humani corporis fabrica is the 1542 first
edition publisned in Basel by Johannes Oporinus. As a classic in both the
science of medicine and the art of printing, it is one of the prizes of the
Library’s collections. Considered by many the greatest medical book ever
written, the Fabiica presented a completely radical view of medicine. *“The
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Vesalus’s Fabrica s replete with these eye-
catching “living” cadavers in everyday poses.
Thisillustration 1s from his Epttome, an illus-
trated anatomical atlas that accompanied the
Fabrica. In1its realistic detail of the body’s skele-
ton and musculature, this standing cadaver is
both scienufically accurate and arustically brl-
liant. De bumani corporis fabrica librorum epit-
ome, 1543. Andreas Vesalius.
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human body,” said Vesalus, was his “true Bible.”” To that bible Vesalius
devoted five years of intense study, so that by the time he turned twenty-
five he had finished a complete anatomical and physiological study of
every part of the human body. His Fabrica 1s also one of the most
beautiful books ever published. Its series of magmficent plates are from
woodcuts made by a student of Titian, Jan Stephen van Calcar. Vesalius
supervised their making and they are both lavishly beautiful and astound-
ingly accurate. Also 1illustrated by Calcar and published in the same year in
Basel is Vesalius’s anatomical atlas Epitome, also in the Library’s collec-
tions. Intended for use by surgeons and students, this thin volume comple-
ments the Fabrica.

Many ironies surround the Fabrica and its author. Most obvious per-
haps 1s the date of the book’s publication—Vesalus’s work appeared less
than a week after Copernicus’s De revolutionibus. Both, of course, were
essentially revolutionary texts and became landmarks of the scientific revo-
lution. A less well-known fact is that after publication, Vesalius quit
anatomical research forever and became a court physician, leaving his
beloved ltaly. Although he achieved considerable fame during his hfetime,
much was of the negative variety, and he was denounced by most of the
conservative medical establishment. He was at times accused of heresy and
even of vivisection. He died at sea at the age of fifty, returming from a
pilgnnmage to the Holy Land.

The resistance encountered by Vesalius—even his former teacher de-
nounced him—underscores again the tenacity of traditional beliefs. For
although Galen’s teaching was based to a large degree on the anatomy of
swine (he had done httle dissection, except on animals), it held sway over
that of Vesalius for some time. One who attacked the teachings of Galen
more openly and boldly than even Vesalius was his pupil Gabriello Fallo-
pio. Known as Fallopius, he became the iost famous Italian anatomist of
his time. He succeeded Vesals to the chair of anatomy at Padua. As a
student of the human body, he seems to have excelled in his study of the
more intricate and tiny body parts—the ovarian tubes that now bear his
name and the trigeminal nerves, to name only two. The Library does not
have his most important work, Observationes anatomicae, which was
published in Venice in 1561 at his own expense. It contained no illustra-
tions and was the only work published in his hifetime. Following his early
death, his lectures on anatomy were compiled by his pupil Volcher Coiter.
Published in Nuremberg in 1575, Lectiones de partibus sinilaribus humani
corporis is in the Library’s collections. Fallopius criticized any authonty he
could prove wrong and did not spare his former teacher, pointing out
mistakes Vesalius had made in his Fabrica. Like Vesalus and many other
anatomists of his time, he too was accused of having performed human
vivisection. Much of this criticism came from outside Italy, however. It 1s
not surprising that the enlightened attitude of Renaissance Italy coincided
with the amazing progress of its anatomy schools. At a time when anato-
mists in other parts of Europe rarely obtained cadavers, Vesalius could
describe how Italian judges sometimes adapted the capital sentences given
to criminals so as not to impair the anatomist’s work.
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During the Renaissance the field of surgery underwent a symilar advance,
no doubt in part because of its close alliance to anatomical research. In
previous centuries, surgery had been regarded as a type of manual labor—
an unskilled act with little dignity. By the sixteenth century, surgery was
gaining stature in the medical profession as its practitioners were more and
more men of higher training and not mere barbers. Ironically, though, one
of the greatest figures of this time began his surgical studies in a barber
shop. Ambroise Paré, recognized by many as the father of modern surgery,
was a poorly educated barber’s apprentice whose real traiming came while
tending the wounded French soldiers during the Italian campaigns of
1536—45. It was this practical experience gamned as an army surgeon that
made him realize how wrong and actually detrimental many of the trad:-
tional surgical procedures were. Paré was a pioneer who had the courage
to denounce false therapeutics. It was he who first demonstrated that
simple soothing dressings and not searing with boiling oil or hot 1ron
helped to heal gunshot wounds. Paré possessed a humble respect for the
natural healing force, in the best of the Hippocratic tradition. When
praised for his work, he is said to have noted, “I treatea him, but God
cured him.”

Paré had little schooling and knew no Latin. His wnitings are therefore
all in French, and they are very rare. The Library has his complete
Oeuvres, first published in Paris in 1579. This work became extremely
popular and displayed well Paré’s honesty and onginality. It reflected the
virtues of the new age and was in no way tainted by stultifying scholastic
medical traditions. Paré wisely saw that his lack of an education was a
virtue in enabling him to view surgical problems with a fresh, unbiased,
commonsense viewpoint. He often said with some sarcasm that he was
denied the benefit of studying the medical masters. Unlike Vesalus, Paré
saw his work accepted in his lifetime and witnessed the almost overnight
abolition of wound cauterization. Although he rose to become surgeon to
four French kings, Paré was most beloved by the common soldiers whose
plight he eased by his courage and honesty.

Surgery during Paré’s tinie experienced a period of great change and
progress. New procedures and new instruments were being developed one
after ancther, and such advances as the ligation of arteries made surgery
more manageable. Among the more surprising surgical procedures per-
formed during the sixteenth century were plastic surgery (notably the
thinoplasties performed by Gaspare Tagliacozzi until they were banned by
the Church) and eye surgery. In the Library of Congress collections 1s the
first book on eye surgery, the Ophthalmodouleia of George Bartisch.
Published in Dresden in 1583, this large book contains many striking
illustrations. Besides its intended purpose as an illustrated textbook on
cataract operations, the volume offers a complete summary of Renaissance
eye surgery, giving us a good idea of the state of the art in the sixteenth
century. The woodcuts were done after watercolors Bartisch had made
himself.

As anatomical and surgical knowledge increased, so did knowledge of
obstetrics, although certainly not proportionally. Despite the obstetrical
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146 The traumas depicted here had
a speaal relevance to Ambroise
Paré, who, as an army surgeon,
was probably called upon to
treat these and many more bat-
tlefield injuries. This illustra-
tion, taken from an English
version of his Oeuvres, 1s a
vanaton of the medieval
*wound-man,” a popular di-
dactic figure in many medical
texts throughout the Middle
Ages. As a sort of graphic cata-
log of frequent traumas, the
wound-man has been de-
scribed by Karl Sudhoff as a
“surgical caricature of St. Se-
bas*ian,” his body pierced not
only by arrows but by cudgels,
maces, and knives. The
Workes, 1649. Ambroise Paré,
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writings of Vesalius, Paré, and others, the most widely used book during
the Renaissance was in effect a holdover from medieval times. In 1513, the
Rosengarten of Eucharius Roeslin was published in Strasbourg. Written in
the vernacular, its full title was Der Swangern Frawen und Heb Amme
Roszgarté or The Rose Garden of Pregnant Women and Midwives. Roes-

lin was a municipal physician at Worms and wrote his book, which s little

more than a survey of Greek and Roman literature, primarily for mid-
wives. The book’s significance lies in the twenty woodcuts done by Conrad
Merkel, a friend of Albrecht Diirer’s. These quaint and somewhat primi-
tive illustrations show such things as the birthing-chair and the in utero
position of the fetus. The Library has Roeslin’s first edition only in
facsimile, but it does have the later Latin version, a small book called De
partu bominis, in the 1551 Frankfurt edition. The collections also include
an Italian version, published in Venice in 1538.

The book was widely circulated and was translated into English by
Richard Jonas, eventually to appear as The Byrth of Mankind. In this
extremely popular English text, Thomas Raynalde supplemented Jonas’s
translation, borrowing from many authors, Vesalius among them, and
adding new plates as well as new text to Roeslin’s original work. The
Byrth of Mankind was first published in London in 1545, and the Library
has this first edition. Various editions of the Rose Garden and its many
versions were published well into the eighteenth century.

Renaissance obstetrics may be said to have benefited more from an
increase in accurate anatomical knowledge than from any particular ob-
stetrical breakthrough. It is safe to say that if the above texts are truly
representative, childbearing during the Renaissance was as risky and as
dangerous as it was during medieval times.
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These curious woodcuts are from the first Re-
naissance book on eye surgery and suggest a
mechanical strategem for correcting crossed
eyes. The Ophthalmodoulera not only contained
anatomical illustrations of the eye and nforma-
tion on eye diseases but distinguished five types
of cataracts and instructed how to remove them.
Opbhthalmodouleta, 1583. George Bartisch.
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Although sicteenth-century medicine saw eye
surgery and even plastc surgery being done, no
real advances were made 1n obstetrics. The most
widely used book, the Rosengarten, was a hold-
over from medieval tmes. In this English ver-
sion, the obstetric stool or birthing chair 1s
shown along with a normal (1) and an abnormal
(I1) presentation of the fetus in the uterus. The
Byrth of Mankmd, 1545. Thomas Raynalde.
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148 No individual so personified the Renaissance spint of revolt as did
Philippus Aureolus Theophrastus Bombastus von Hohenheim, better
known as Paracelsus. Few characters in the history of science are so
colorful or so variously regarded. Posterity has at imes judged him both
charlatan and saint. Born in a quiet, conservative part of Switzerland, |
Paracelsus took his medical degree at Ferrara and never looked back. As |
with many great men, a formal education served only to make him keenly |
aware of both his own inadequacies and the limitations of his field. Of his |
medical peers, he said, “When I saw that nothing resulted from their J
practice but killing and laming, that they deemed most complaints incura-
ble, and that they administered scarcely anything but syrup raxatives,
purgatives and oatmeal gruel, with everlasting clysters [enemas], I deter-
mined to abandon such a miserable art and seek truth elsewhere.” So
Paracelsus took to traveling throughout Europe for ten years, gathering
information from any willing source—gypsy, midwife, executioner, barber,
alchemist. The knowledge of folk medicine he gained served only to
reinforce his contempt for the orthodox medicine of his day—Galenism.

He arnived at Basel in 1526 with both a mystique and a reputation,
numbering among his successfully treated patients the famous printer
Froben and the illustrious Erasmus of Rotterdam. Soon after, he accepted
a university chair and an appointment as municipal doctor, and it was
from these traditional seats of establishment authonty that he worked to
undermine orthodox medical theory and practice. Such eye-catching tactics
as publicly burning the revered works of Galen and Avicenna, lecturing his
students in German rather than the customary Laun, and refusing to
participate in the umversity’s solemn ceremonies served as open symbols of
his total assault on the medicine of his day.

The contributions of Paracelsus to medicine are not so obvious or
demonstrable as those of Vesalius or Paré in anatomy and surgery. Though
he wrote a great deal, Paracelsus saw little of his work published—mainly
because of his infamous reputation and activites. And, 1n extreme contrast
to Vesalius, much of his work contains an admixture of the mystical or the
unscientific and the scientific—often to its detnment. More significant than
any specific cure or medical discovery, however, was his constant and
usually strident advocacy of a certain medical approach and method. He
approached medicine in a Hippocratic manner, aiguing that 1ts practice
should be based on nature and physical laws. He stressed practical, clinical
experience over the teachings of authority. *I have not been ashamed to
learn from tramps, butchers and barbers things which seemed of use to
me,” he said. He discarded the prevalent systems of ‘*humours” and
viewed disease as both a disturbance of normal functions and an invasion
of the body from without. He 1s best known as the founder of iatrochem-
istry, following upon his belief that the body was in some way linked with
the laws of chemistry and was therefore responsive to chemical cures.
Particulars aside, the sheating off of science from religious and philosophi-
cal dogmatism is what is at the core of the work of Paracelsus. Central to
this irascible iconoclast, then, despite his many forays into mysticism and
the occult, was the liberation of the intellect from artificial and self-
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This portrait of Paracelsus was done by his con-
temporary, the Mannerist master Tintoretto.
Unlike flattering portraits found in many an au-
thor’s collected works, this 1s a strking picture

: of a very real person. It especially contrasts with
Lo sowem ot .nﬂ- viva lyfro ante . the well-known painting of a fat, jolly Paracel-

remmate ¥ nobiiam gooins PARACEL SVS

g_u P clares Brettus hurmo, m  focnct, Erarme, ro ! sus done by Quentin Metsys. Here Paracelsus
Dol ‘,ﬁ:’;”“‘z;“ ima lmpum P w{, ;ﬂ;ﬁfﬁ%yﬁ«/{( :” ’ appears gaunt and tired, although his eyes seem

very much alive. He died at age forty-eight.

\ . Tinwrat a3 viwin pinive. . F Chauncan feulprr
Opera ommia, 1658. Paracelsus.

’

imposed restraints. Although Paracelsus was an extremist in action and
temperament, his rationalism was modified by a healthy, probably intuitive
respect for the limitations of the human intellect as well as an equal,
usually mystical, regard for forces still undiscovered.

We contain within ourselves as many natural powers as heaven and earth
possess. Can the magnet draw the iron to itself even though 1t appears to be a
dead thing? . .. Can the climbing vine reach out to the sun? So well may man in
similar manner have access to the sun . . . they are all invisible works, and yet
they are natural.

This is certainly not unfettered rationalism but rather science at its best-—
science that is open to both the knowable and the unknowable. Paracelsus
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This small tract on treating the pox was based was a great man—courageous, independent, and humble in his own way.
on the teachings of Paracelsus and was pub- His turbulent life demonstrates what powerful chemistry can be made

lished twelve years after his death. Its fronus- when a revolutionary idea is espoused by a dynamic and forceful personal-
piece shows the traditional sickbed scene. Een

excellent tracktaet leerende hoemen alle ghe- ity. Almost smgle—hand?dly he tried to dl"ag all of Europe from 1ts medieval

breken der pocken sal moghen ghensen, 1553. lethargy. The bulk of his work was published after his death, and ranks as

Paracelsus. a considerable corpus. In addition to ten separate works all published
before 1590 and all in German, the Library of Congress has his 1616
Opera published in Strasbourg and the famous 1658 Geneva Opera om-
nia, regarded as the most complete of the Latin collected editions. This
large work contans virtually all of Paracelsus’s medical and philosophical
writings. Of particular interest is the portrait of Paracelsus by Tintoretto.

The work of Paracelsus did much to further the emerging concept of

disease as something organic and not of supernatural origin. From this
simple breakthrough, it followed that diseases could be distinguished,
described, categorized, and perhaps even cured. No work better exempli-
fies this scientific state of mind and approach toward disease during the
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Renaissance than does that of Girolamo Fracastoro on syphilis. Fracastoro
was of a patrician Veronese family and studied medicine at Padua with
Nicolaus Copernicus. An eminently typical Renaissance man, he pursued
his serious interest in astronomy, geography, mathematics, and the arts as
well as medicine. He is best known today for his poem on syphilis,
Syphilis, sive morbis gallicus (Verona, 1530) which named the disease.
Before the publication of this poem, which graphically describes the dis-
ease and tells of the young shepherd Syphilus who insulted Apollo and was
cursed with the disease, the malady was generally called the “French
disease.” Naturally enough, the French dubbed 1t the “Neapolitan dis-
ease”—France and Naples each believing it was infected by the other when
the French captured Naples in 1495. But Fracastoro’s contributions went
beyond his famous poem, for in his treatise De contagione et contagiosis
morbis, published in 1546 in Venice, he offered the first comprehensive
explanation of how an infectious disease is spread. The Library has both
his poem and his treatise along with his principal astronomical and philo-
sophical works in the Opera omnia, published in Venice in 1555. This was
the first edition of his collected works. Fracastoro argued that infectious
diseases were spread by direct and indirect contact, as well as through

the air. His De contagione has been described as the first scientifically
reasoned statement of the true nature of infection and contagion, which
presented the germ theory of disease. Because of this, he is regarded by
many as the founder of modern epidemiology.

Much of the progress and many of the hopes of the sixteenth century
were set back by the political and economic upheavals of the seventeenth
century. Yet while most of Europe was suffering from either economic
decline or protracted warfare, England prospered, and at the time of
Elizabeth’s death at the beginning of the century, such giants as William
Gilbert, Francis Bacon, William Shakespeare, and Willlam Harvey were
alive. The name Harvey ranks with the best. His major work is rivaled
only by that of Vesalius at the head of any list of great medical texts.
William Harvey published his De motu cordis in 1628, having worked out
its thesis twelve years earlier. In producing this book of seventy-two pages,
Harvey did a number of astounding and wonderful things—the least of
which was his discovery of a major new medical truth. Harvey’s discovery
of the circulation of the blood—his realization that the same blood moves
within a closed circle in our bodies—may seem obvious today, but in 1628
it contradicted traditional Galenic doctrine. Fully aware of the significance
of his discovery, and aware too of how strongly it would be opposed,
Harvey offered it to the world only when he deemed his arguments to be
irrefutable. Herein lies Harvey’s real greatness, for his presentation remains
a scientific paradigm to this day.

In his book On the Motion of the Heart and Blood in Animals, Harvey
offered a series of brilliantly conceived and arranged inductive experiments
that demonstrated the mechanical and mathematical necessity of his hy-
pothesis. His experiments proved conclusively that the heart was a pump
working by muscular force that propelled the blood within a continuous,
one-way cycle. Harvey’s discovery met with substantial resistance at first
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Although several individuals before William
Harvey had proposed the notion of the arrcula-
tion of the blood, none had offered any proof.
Not untill Harvey’s brill' :nt experiments, based
on direct observation and using quantitative
methods, was this 1dea validated by demonstra-
ble results. In this series of experiments, which
anyone can easily perform, Harvey showed that
blood flowed from the heart in a continuous,
one-way cycle—coming from the heart through
the arteries to the tissues and returning to the
heart via the system of veins. Lacking a micro-
scope, Harvey was unaware of the existence of
the capillaries which connected these two sys-
tems. Figure 2 1s a key here, showing that when
the experimenter ‘“milks the vein downward”
(from O to H), the one-way valve at O prevents
the blood from flowing away from the heart. De
motu cordis et sangunus in ammalibus, 1643.
William Harvey.

but was accepted by most during his hfetime. The Library has a facsimile
of the 1628 Frankfurt first edition of De motu cordis—the original being
very rare, having been printed on poor paper and badly bound.

Two reasons have been offered as to why one of England’s greatest
scientific books was printed abroad. One is that Frankfurt was the center
of the continental book trade, where every semester a book market was
held to display the newest publications. Another reason suggested is that
Harvey’s Frankfurt publisher, William Fitzer, an Englishman, had been
recommended by Harvey’s friend Robert Fludd. Fludd had been published

THE TRADITION OF SCIENCE

161




by Fitzer at Frankfurt and found that by publishing there he not only paid 153
nothing for publication but actually received both free copies and a fee.
The earliest copy of Harvey’s book in the Library of Congress 1s the 1643
Latin edition published in Padua. The Library also has the first English
edition, published in London in 1653. Together with the 1543 Basel
edition of the Fabrica of Vesahus, it forms the core of the Library’s
collections in the history of medicine.

Harvey’s link to Vesals 1s substantial and real. The continuity of a
Paduan medical education joins the two—Harvey studied under Fabricius
ab Aquapendente, whose teacher was Gabriello Fallopio, the student of
Vesalius. Harvey, the founder of modern physiology, successfully com-
pleted the anatomical assault on Galen begun by Vesalius.

Harvey’s magnificent work of discovery, demonstration, and exposition
towers above all other seventeenth-century medical efforts. Nothing else
published during this century of progress is really comparable. Nonethe-
less, for medicine it was a most active and productive time. Influenced by
the mechanical and mathematical orientation of Galileo and Descartes,
seventeenth-century medicine is perhaps best characterized by its turn
toward the exact sciences. During the early part of the century, a Paduan
professor named Santorio Santorio (who was called simply Sanctorius) was
one of the first to apply physics or mechanics to medicine. He devised

o e - - . N prr— , The frontispiece to this later edition of Santo-
ﬁ, L : D S SAEN Nk it AN 110’s work shows the author seated 1n his bal-
SANCTORI SANCTORI ance or weighing chair—a platform which also

held his bed and work table. With this he would
measure his entire intake and output and study

. - DE
| :; S T A T I C A the effect of work, rest, and even mood changes

on his body. As the inventor of the chinical ther-
ME D I C IN mometer and several other medical measuring
A, devices, Santorio was one of the earliest to apply
. APHORISMORD M the quantitative approach to medicine and was a
. - e ] forerunner in the study of what we now call
Seliones Scpﬁcm:

metabolism. His book became very popular, and
this edition contains commentary by Martin

co cou Lister, English zoologist and physician to Queen
MMENTARIO Anne. De statica medicina aphorismorum,
“ARTlNl LISTE R. 1703. Santorio Santorio.
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No work so typifies the iatrophysical or me-
chanistic school of medicine as does Borell’s De
motu amimalium. Following in the mechanical
tradition of Santorio, Borelli thought of the
body as a machine whose make-up and opera-
tion was entirely understandable by mechanical
laws and reducible to them. Here he uses the
principles of mechanics and statics to demon-
strate how the operation of human appendages
1s similar to that of a pulley system. De motu
antmalium, 1680-81. Glovanni Alfonso Borell1.

»

scores of instruments and mechanisms too numerous to mention {the
foremost being a thermometer to measure body temperature), all toward
the end of obtaining measurable data about body functions. His experi-
ments of thirty years are described in a series of aphorisms in his De
statica medicina, published in Venice in 1614. The Library has the 1676
English translation as well as the 1703 Latin Lyons edition of this impor-
tant book. The innovative Sanctorius initiated the tradition of experimen-
tal medicine, with what became an amazingly successful book.

Continuing the tradition of what came to be known as the 1atrophysical
school—because it explained body functions and disease in terms of
physics rather than chemistry—was a pupil of Galileo’s named Giovann
Alfonso Borelli. As a mathematician, Borelli adopted the Cartesian view of
physiology, that the body was essentially a mechanism or a machine. This
being so, he argued, its physiological functions could be explained by the
laws of physics. Toward this end, Borelli set up a laboratory at his home
in Pisa and went about his mechanical experiments, studying the physical
principles of muscular action and attempting to measure the energy ex-
pended by the movement. His tamous book on animal motion, De motu
animalium (Rome, 1680—81), was promiscuous in applying this method,
but it did contain many original observations and discoveries, particularly
those pertaining to respiration and circulation. The Library has the first
edition of Borelli’s two volumes, which contain many illustrations showing
humans and animals in various positions of muscle exertion.

A somewhat altered but essentially mechanistic view of medicine was the
1atrochemical school of this period. Within a mechanistic framework, this
school hased its explanations of vital phenomena on a chemical interpreta-
tion. Two men are known for pioneering work in biochemistry. The first,
Jean Baptiste van Helmont, called his own work into disrepute with forays
into mysticism and alchemy, which made him a target of the Inquisition. A
disciple of Paracelsus, Helmont developed the chemistry of gases and
discovered the digestive juices in the stomach and intestine. It was in his
most famous work Ortus medicinae (Amsterdam, 1648) that he described
the first use of the specific gravity of urine. Helmont, however, did little
for his scientific reputation with some of his pronouncements. He stated,
for instance, that mice could arise spontaneously from spoiled wheat. The
Library has the 1652 Amsterdam edition of this work, which was first
published four years after Helmont’s death by his son.

Frangois de Le Boé, called Sylvius, competes with Helmont as the most
influential of the iatrochemists. Unlike the unpredictable Belgian, Sylvius
was a dependable scientist and an extremely popular Dutch university
professor. In his Idea praxeos medicae (Venice, 1672), Sylvius asserted that
all physiological phenomena could be explained by reference to chemistry.
In this, he abandoned the traditional view that good health depended on a
balance of the four humors, and he offered instead the explanauon of an
acid-alkalai balance. He thus diagnosed and treated all diseases chemically.
The Library has the 1679 Amsterdam edition of his Opera medica, the
collected works of a lecturer who drew students from all over Europe.

The extremes of these systematists who explained everything by refer-
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ence to a single cause or phenomenon were modified by a late-century 155
trend back to direct involvement with the patient. Thomas Sydenham, a
physician who came to be called the English Hippocrates, led medicine
away from these dehumanizing extremes with his healthy skepticism of
overly theoretical medicine. Sydenham came to the medical profession
rather late in his life and thus brought a mature perspective to his medical
education. He applied his common sense and brought an independent
spirit to what he was taught and decided that most of the prevailing
medical practice and theory was nonsense. Returning to the fundamentals
of Hippocrates, Sydenham’s basic therapeutic belief was that the physician
only assisted the life force—nature did the curing. Consequently, he em-
phasized a need for clinical recognition of particular diseases, recognition
that could be obtained only from observation and personal experience. His
fame today rests on his firsthand accounts of diseases, and his treatise on
gout is considered his masterpiece. The Library has a 1717 London edition
of The Whole Works of That Excellent Practical Physician, Dr. Thomas
Sydenham, which, contrary to its title, does not contain all of Sydenham’s
writings. The Library’s two-volume Opera medica (Geneva, 1757) is more
complete. Sydenham followed no authority or system in his practice of
medicine and aligned himself with no school. He was regarded by his
English medical peers as a maverick and an outsider, and in his own time
his work had more effect abroad than at home. Sydenham’s honesty, his
integrity, and, above all, his traditional Hippocratic concern for the patient
were constant reminders to physicians not to stray too far from the
sickbed. He led by example and by force of character and succeeded in
restoring real dignity to the medical profession. His contempt for estab-
lished theory and practice is well illustrated in his sardonic recommenda-
tion of Don Quixote as the best practical guidebook for the young physician.

Despite Sydenham’s honorable example and proscriptions—guidelines
that will always remain valid—the eighteenth century was dominated by
the systematists. Conunuing and extending the previous century’s tendency
to construct systems while explaining physiological phenomena, this en-
lightened age placed emphasis on the measurable and the verifiable—
exhibiting a heightened regard for the experimental method. A coir. cident
and contrary trend (which was eventually to succumb) was the impulse
toward a type of scientific mysticism akin to the Romantic movement of
the time. Thus the eighteenth century, which harbored many a sober
rationalist, has been described by some as the golden age of quackery. The
progress of other sciences during this time was very rapid, and with the
welter of discoveries in allied disciplines so great, 1t is no wonder that the
physician’s head was easily turned. The microscopists, such as Malpighi,
Leeuwenhoek, and Hooke, had discovered unknown worlds; the chemical
discoveries of Black, Lavoisier, and Priestley revealed hitherto unknown
elements; and Franklin, Galvani, and Volta tapped unknown forces.

One who happily combined the Hippocratic ideals of Sydenham with
the most positivist aspects of the systematists was Hermann Boerhaave, the
leading physician of his age. Called ““the common teacher of all Europe”
by one of his more famous pupils, Boerhaave was an eclectic teacher and
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The highly original and schol.rly physician Ber-
nardino Ramazzim was an observer of the first
rank and expounded an entirely new area of
medical investigation as well as a new medical
discipline—the study of occupational diseases.
He recognized the connection between harmful
metals and the craftsmen who used them, ident1-
fying problems such as lead poisoning in paint-
ers, mercury poisoning in gilders and chermsts,
and diseases of stained-glass workers who han-
dled antinomy. To the questions a doctor should
ask his patient he added, “What 1s your occupa-
tion?”’ A Treatise on the Diseases of Tradesmen,
170S. Bernardino Ramazzini.

practitioner, taking what he regarded as the best from each school of
thought. His inclination and overall framework was Hippocratic, and 1t
was therefore as a clinician that he excelled. His fame was such that 1t 1s
said that he had a more direct influence on his contemporaries than any
other doctor 1n history. The Library has two of his more significant works,
a 1727 Lyons edition of Institutiones medicae, an excellent book on
physiology first published in the same city in 1708, and his Aphorisms, as
published in London 1n 1724. The former was so popular it was translated
into Turkish and Arabic, but Boerhaave’s lasting fame .is on his teach-
ing. He instructed generations of European doctors at the patient’s
sickbed. He provided an example of how best to combine the theoretical
and the practical.

The Hippocratic spirit of Sydenham was thus spread in the north of
Europe by Boerhaave, while in the south another disciple of Sydenham
was demonstrating 1n a highly original manner his indebtedness to the
“English Hippocrates.” Bernardino Ramazzini continued and refined the
epidemiological studies of Sydenham to the point of focusing specifically
on occupational maladies. Occasional references to certain work-related
diseases had been made in the historical literature, but 1t was not until
Ramazzim conducted a methodical study of the nexus between occupation
and disease that anything remotely scientific or systematic was done. His
De morbis artificum, first published in Modena in 1700, earned him the
deserved title of father of industrial hygiene. In this book, which the
Library has in its English translation, A Treatise on the Diseases of
Tradesmen, published in London in 1705, Ramazzini discussed over fifty
occupations and the etiology, treatment, and prevention of their associated
diseases. Ramazzini was a most cultivated man and his prose reflects his
skill and polish. His masterful essays discuss mercury poisoning in sur-
geons and lead poisoning in painters, as well as the sciatica of potters and
eye troubles of painters. Like Boerhaave, Ramazzini blended his Hippo-
cratic, patient-oriented philosophy and the rigors of the systematists’ meth-
ods with marvelous results.

No one so typifies the century’s emphasis on measurable and observable
knowledge as does the Paduan medical professor Giovanm Battista Mor-
gagni. His landmark work, De sedibus et causis morborum per anatomen
indagatis, contains 1n exhaustive detail the pathologic findings of a lifetime
spent doing autopsies. Published in Venice in 1761 when Morgagni was
seventy-nine, his work at once laid the foundations of pathologic anatomy
and elevated it to a major branch of medical science. For the first time the
connection between the manifestations of a disease and its actual physio-
logical effect—the changes in the diseased organ—were scientifically estab-
lished.

Morgagni contended correctly that every anatomical alteration 1n an
organ resu'ted in a change in anatomical function. He further argued
that this change could only be recognized by an experienced physician
thoroughly famihiar with normal anatomy and proper organ function.
Morgagni’s work was based o0:1 nearly seven hundred dissections con-
ducted 1n a rigorous, careful, routine manner. It is vast in scope and
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contains a number of brilliant descriptions of new discases. The Library
has the three-volume English translation, The Seats and Causes of Dis-
eases, published in London in 1769. Morgagnr’s classic work 1s linked to
the anatomy of Vesalius and the physiology of Harvey. Through his
methodical investigatious, he was able to systematize anatomical pathology
to the point where he could accurately correlate each condition with 1ts
proper clinical symptoms. Morgagm died in his ninetieth year, and was
described shortly before that to be as hale as a man of fifty and not in
need of spectacles. His De sedibus appeared in numerous editions and even
today remains alive and useful.

In our survey, the eighteenth century concludes with the publication of
what was to become one of the triumphs of empirical research in medicine
as well as the notable beginning of preventive medicine. In 1798 Edward
Jenner published a thin quarto volume with four colored plates called An
Inquiry into the Causes and Effects of the Variolae Vaccinae. Based on
twenty years of smalipox research, and describing twenty-three experi-
ments, Jenner’s Inquiry oftered the thesis that inoculation with cowpox
protects an individual from contracting smallpox. Jenner was a likable,
honest country doctor in Gloucestershire who, from the begiuning of his
practice, iearned all he could about smallpox and its transmission. He
became fascinated by the local farmers’ wisdom that said that dairymaids
who had contracted cowpox were immune to the dreaded and more
serious smallpox. Fear of the pox had become almost universal. In severe
epidemics, one out of three died and those who survived were horribly
scarred and disfigured. To Jennet’s merit, he studied the pox in a deliber-
ate, scientific manner, carefully proceeding to the fateful experiment of
May 1796 in which he vaccinated an eight-year-old boy with cowpox flud
taken from a blister on the hand of an infected girl. Six weeks later, Jenner
tried to infect the boy with fluid from human smallpox and could not—the
boy was immune. The confident country doctor then repeated these e::peri-
ments on humans—something that astounds us today—until sausfied he
was correct. These and other experiments were described in his 1798 text,
which he was forced to publish himself—the Royal Society having politely
declined. In the Library of Congress collections are the 1800 second
edition, again published in London by the author, and a fascimile of the
1798 first edition. This second edition contained additional information
and results that Jenner hoped would help convince some of his more
intransigent opponents.

Little persuasion was required, however. Inoculation of all types was not
new to continental Europe. Throughout medical history it had had a sort
of underground, folkish existence. Once inoculation for smallpox was
given a scientific imprimatur by Jenner, it gained immediate acceptance. By
1803, his work had seen many translations, the Brtish royal family had
been vaccinated, and Jenner was voted ten thousand pounds by Parliament
(he eventually was given twenty thousand more). Jenner’s discovery dem-
onstrated what bounties might result from the scientfic method. A scourge
of mankind was suddenly lifted and Jenner’s name was praised worldwide.
Yet the humble country doctor probably would have readily admitted that
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It was from this cowpox bhister on the hand of
the Gloucestershire milkmaid Sarah Nelmes that
Edward fenner took fluid and injected it 1nto the
arm of a healthy eight-year-old boy, giving him
cowpox—a mild, transient disease. S1x weeks
later the boy was inoculated with the dreaded
smallpox virus, with no assurance that he would
survive the disease. The boy did not contract
smallpox, even after receiving a second injection
several months later. Although Jenner 1s night-
fully praised as the discoverer of vaccnation and
the deliverer from smallpox, his nsky exper:-
ments on humans are chilling to modern sensi-
bilities. An Inquury mto the Causes and Effects
of the Variolae Vaccinae, 1800. Edward Jenner.
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Philippe Pinel was an early reformer in the treat-

ment of the insane, regarding them as sick peo-
ple rather than as possessed by devils or witch-
craft. His work was guided by the 1dea that
mental problems were the result of disease or of
pathological changes in the brain. Pinel placed
great emphasis on what he called structural de-
fects of the skull and regarded cranial shapeasa
major factor ina person’s mental state. Here he
contrasts a roundish skull from a sane person
{figs. 3 and 4) with those of two insane people
(figs. 1 and 2 and 5 and 6). Traité médico-
philosophique sur I'aliénation mentale, 1809.
Philippe Pinel.

although he had arrived at the “how” of the disease pragmatically, he was
at a loss to describe the “why.” Not until nearly a century later would the
world learn from Lows Pasteur something about the causes of disease.

It was during the eighteenth century that the insane began to be re-
garded as sick people rather than as criminals or as people possessed by
devils. The end of the century saw real reform in the manner in which
these unfortunates were treated. These humane changes began in revolu-
tionary France with Philippe Pinel who, while 1n charge of a Paris insane
asylum, directed that the inmates’ chains be removed and that they be
regarded as sick of mind. The Library has his classic Traité médico-
philsophique sur I'aliénation mentale (Paris, 1801) 1n its second edition of
1809, also published in Paris. Pinel’s unorthodox views on insanity were
embraced by the leading physician of the new United States, Benjamin
Rush, who in 1787 took charge of the insane at the Pennsylvania Hospital.
Rush is regarded by most as the father of American psychiatry, having
produced the first systematic book on the subject in America. Rush argued
that the emotions and behavior of the insane suffered as much as the
intellect, and he studied the relationship between the body and the mind.
His treatise Medical Inquiries and Observations upon the Diseases of the
Mind was first published in Philadelphia in 1812. The Library of Congress
has this work in first edition as well as a modest collection of Rush’s
papers. In addition to his medical lectures of 18034, the Library’s manu-
script collection includes some of his correspondence with the political
luminaries of the time—]John Adams, Thomas Jefferson, James Madison,
James Monroe, and Thomas Paine. Rush was a signer of the Declaration
of Independence.

Both Rush and Pinel were preceded in their pioneering work in the
psychological field by an Austrian whom neither would have acknowl-
edged as a real physician. Franz Anton Mesmer began his medical experi-
ments with the latest vogue, electricity and magnetism, and soon made a
mystical jump to what he called “animal magnetism.” Simply put, he
believed in the curative powers of the ancient tradition of the laying-on of
hands. Mesmer arrived in Paris in 1778 with a reputation for the unusual
and in no time became the darling of French high society. His spa, a
glittering hodgepodge of technology and theater, entertained, enthralled,
and “cured” its prominent customers with magnetic tubs, hypnotism, and
seances. The image of Mesmer in a lilac suit, playing the harmonica and
touching his patrons with an iron wand was far removed even from the
medicine of his day, and it was not long before his claims for animal
magnetism were investigated by the Académie des Sciences. The committee
reported unfavorably, but its composition 1s more interesting than its
report. Among the experts were Beniamin Franklin (U.S. ambassador to
France), Dr. Joseph Guillotin (proselytizer for painless execution, after
whom the guillotine was named), Antoine Lavoisier (pioneer of the new
chemistry), Philippe Pinel, and Jean Sylvan Bailly (who later became mayor
of Paris). Both Bailly and Lavoisier were to die during the Revolution,
beheaded by their colleague’s mechanical namesake. Mesmer left Paris in
disgrace in 1785, but his 1779 book remained. The Library has a first
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edition of his Mémctre sur la découverte du magnétisme ansmal, published 159
in Paris and Geneva. Most now agree that Mesmer was a sincere believer
in his theories and methods and that the cures he effected were genuine.
Through hindsight we recognize the principle underlying his method as the
power of suggestion in curing psychosomatic illnesses, and not some
unseen force called animal magnetism. In a sense, Mesmer was an unwit-
ting pioneer of psychotherapy.

The nineteenth century begins what is usually called medicine’s modern
period, and it is within the broad positive connotations of “modern” that
many of the reasons for medicine’s explosive advancement during this time
are found. Modern times connote progress—material and immaterial. The
latter entails concepts of freedom that translate into the realities of individ-
uals challenging dogma and separating science from metaphysics. Material
advancement made possible such tangible benefits as universities opening
to all social classes, expanding industries spawning new technologies, and
advances in transportation and communication speeding up the exchange
of ideas. Most important of all perhaps was the synergistic effect that
produced a greater awareness of the dignity of the individual. In summary,
medicine kept pace with the volatile nineteenth-century advances and
consequently made great strides.

It is safe to say that it was not until the nineteenth century that medicine
was able, in any broad and real way, to help the suffering individual.
During this period, technical advances aided the diagnostician as weli as
the surgeon, and the beginnings of an understanding of the fundamental
mechanisms of disease were emerging. All aspects of medicine—from the
research laboratory to the operating table—were enjoying the benefits of
the rigorous application of the scientific method. By the end of the century,
a person’s chances were fairly good that his doctor could not only give a
name to his medical complaint but probably had an elementary under-
standing of what it was and how it progressed. With somewhat more luck,
the doctor could select the proper treatment and mitigate the symptoms if
not cure the disease altogether. The implications of this modest medical
advance are most significant. First, it presumes an understanding of the
true nature and origin of disease. Second, it assumes that an organized
body of standard medical practice is available to guide the physician in his
diagnosis and treatment. Last, it presupposes a degree of medical technol-
ogy hitherto unavailable. Such was the encouraging state of medicine at
the end of the nineteenth century.

Among the more dramatic nineteenth-century medical advances were
those in the field of human physiology. In 1822, an obscure American
army camp surgeon practicing medicine near the Canadian frontier was
transformed almost overnight into a specialist on the mechanism of human
digestion. The physician, William Beaumont, was called to treat a
nineteen-year-old trapper accidentally shot in the stomach. Beaumont’s
operating skill saved the boy’s life but his patient was left with a perma-
nent gastric fistula (an abnormal opening leading to the stomach). To
Beaumont’s credit, he recognized this unique opportrunity to study the
human digestive process n situ, and for the next ten years he conducted
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hundreds of experiments with the reluctant cooperation of his somctimes
not-so-willing patient. Beaumont introduced into his human laboratory
various types of food suspended on a silk string and observed the results.
From this tedious process, Beaumont was able to describe properly the
physiology of digestion, demonstrating the characteristics of gastric motil-
ity and describing the appearance and properties of gastric juice (samples
of which he sent to scientsts throughout the world). He determined that
the stomach contained hydrochloric acid and that it broke down food not
through maceration or putrefaction but by a chemical process of dissols-
ing. Beaumont conducted careful, detailed studies of all aspects of the
digestive process and published 1n 1833 his classic Experiments and Ob-
servations on the Gastric Juice, and the Physiology of Digestion. The
Library has a first edition of this landmark of American medical literature,
which was cheaply printed and bound at Plattsburgh, New York, where
Beaumont was stationed. Beaumont’s pioneering work 1n experimental
physiology made him a famous man. The cost of both the knowledge
gamned and Beaumont’s fame was paid, however, by the difficult and
unnatural life his widely known subject, Alexis St. Martin, was forced to
lead. St. Martin was French-Canadian and part Indian. He suffered not
only the indignities of having to tour medicai colleges as *‘the man with
the window in his stomach,” but of having to act as Beaumont’s servant as
well. The two men’s lives became inextricably bound over the years, and
when St. Martin was not being chased by Beaumont after running away,
he was returming on his own, no longer able to earn a living as a trapper.
Ironically, the patient survived the doctor by many years, and died at
eighty-two.

Two other giants of nineteenth-century physiology, like Beaumont, also
were concerned with the study of digestion. The Frenchman Claude
Bernard flourished in mid-century and the Russian Ivan Pavlov produced
his great work at century’s end. Bernard’s fame and accomplishments go
well beyond identification with any singular body function, however, and
extend to the very heart of the scientific method itself. His most important
discoveries began with the study of digestion and metabolism, and they in
turn led to his eventual proposal of a general theory of how the organs of
the body work. All iving organisms, he argued, are characterized by their
ability to maintain their internal environment—their “milieu intérieur.”
Health and life are maintained by the body’s ability to adjust internally to
changing external conditions and to maintain a proper equilibrium. Ber-
nard was a brilliant expenmenter and correlator and an intuitive man as
well. He was ahead of his time with his views on the physiological effects
of emotion, and he attributed his own indigestion to France's humiliation
in the war of 1870. Overall, Bernard 1s best known as the founder of
experimental medicine, having pioneered the analytical technique of
artificially producing disease by chemical or physical means. Although
Bernard’s emphasis on objective experiment advanced medicine consider-
ably, 1t unfortunately made his personal Life rather unpleasant, since his
experiments made him the target of many an antuvivisectionist. Indeed,
Bernard’s animal experiments so upset his daughters that they became
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estranged from him, and his wife even obtained a legal separation. Bernard
was regarded much more positively by his scientific pe=rs, however, being
called “physiology itself” by one of them. At his death he became the first
scientist given a public funeral by France. Maay of his particular medical
discoveries, such as the glycogenic function of the liver, digestion in the
small intestine, and the vasomotor mechanism (nerves which govern the
dilation of blood vessels), were published in the Comptes rendues of the
Académie des Sciences, Paris, of which the Library has a complete set.
Although the Library does not have his 1865 Introduction a I'étude de la
médecine expérimentale in first edition, it does have his two-volume work
Legons de physiologie expérimentale appliquée a la médecine (Pans, 1855—
56). This treatise also contains his classic work on glycogenesis and experi-
mental diabetes.

Like Bernard, Ivan Petrovitch Pavlov also studied the digestive process
and experimented on ammals. And like the famous Frenchman, the Rus-
sian Pavlov created artificial fistulas in dogs’ stomachs, but with a greatly
advanced surgical technique. Pavlov’s surgical skiil was such that he was
able to produce permanent gastric and pancreatic fistulas in his dogs
without any injury to their nerves or blocd supply. Now able to experi-
ment at length, he made impressive gains in the study of the physioiogy of
digestion and contributed significantly to its advance. Pavlov then em-
barked on one of those singular scientific odysseys of thought that some-
tirnes occur when a mind of genius follows its instincts. Familiar with
what he cs led the “unconditioned” reflex of a hungry dog salivating,
Pavlov be. ame intrigued by the possibility of evoking a similar response
via a “‘conditioned” reflex. Thus his famous experiments with bell-ringing
and dog salivating demonstrated that repetition of specific stimuli could
produce reflexes that have no direct relation to the stimulus. This radical
new departure of Pavlov’s opened an area of investigation and speculation
heretofore wholly ignored and unknown. With the publication in 1897 of
his Lektsii o rabotie glavnykh pishchevaritel’nykh zhelez (Lectures on the
function of the main food-digesting glands) in St. Petersburg, which
offered detailed experiments and results of his conditioned-stimulus and
selected-response investigations, Pavlov pioneered a new field—the physiol-
ogy of behavior. Pavlov’s 1897 work was quickly translated into German
the next year, and this became the version best known outside of Russia.
The Library, however, has the original 1897 Russian version. The implica-
tions of Pavlov’s conditioned reflex discovery as well as its possible
application to other nonscientific fields were not lost on Pavlov or his
contemporaries. Pavlov continued his work, eventually using his theory of
conditioned reflex to explain much of complex human behavior and men-
tal processes. His work has been criticized as being founded on completely
mechanistic tenets and as being susceptible to authoritarian misuse.
Despite these objections, his work gave great impetus to the fin-de-siécle
blossoming of psychology and for the first time indicated that a certain
degree of human behavior is explicable by individual conditioned reflexes.
As with Sigmund Freud, Pavlov’s best work was highly singular and
original and exemplifies the creative mind at its inturtive and inductive best.
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In this photograph reproduced in a recent edi-
tion of his collected works, Ivan Pavlov appears
as he was—a determined, energetic, passionate,
and very human individual who was respected
by all who knew him. Although his conditioned-
reflex experiments and later work laid the basis
for the saientfic study of behavior, Pavlov was
no strict behaviorist when it came to human
nature. Every year without exception he would
holiday with his family, saying ‘‘no scientific
treatise had a passport to the country,” wisely
acknowledging and indulging in life’s uncompl:-
cated pleasures. Lektsu o rabotie glavnykh pish-
chevaritel 'nykb zhelez, 1897. lvan Petrovich
Pavlov.
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In addition to these major advances 1n understanding human physiology,
nineteenth-century medicine was perhaps best characterized by revolution-
ary developments 1n understanding the nature and mechanism of infectious
disease. Not until well into the second half of the century did the knowl-
edge that bacteria both caused disease and functioned as contagious trans-
missible agents become well known and accepted. Growing evidence of
this now incontrovertible fact was mounted first in the field of obstetrics.
In 1842-43 Oliver Wendell Holmes, the famous American man of letters,
published an article in the New England Quarterly Journal of Medicine
and Surgery entitled “On the Contagiousness of Puerperal Fever.” Holmes
was a physician and a professor of anatomy at Harvard University from
1847 to 1862 as well as an eminent essayist. In this article, which the
Library has in 1ts collections, Holmes attributed childbed (puerperal) fever
to infections that were introduced to the new mother by the hands of her
examining doctors, who had touched other infected persons. Holmes
stated his case eloquently but offered no empirical proof. His exhortations
that physicians wash their hands before and after pelvic examinations were
ridiculed by his peers and dismissed. Holmes nevertheless wrote a book
years later entitled Puerperal Fever, as a Private Pestilence, which restated
his case. The Library has a first edition of this work published in Boston 1n
185S.

Holmes was indeed on to something, but it was left to a Hungarian
physician to summon the empurical proof. Ignaz Philipp Semmelweis, an
obstetrician at the Vienna Krankenhaus, noted the high mortality rate
from puerperal fever among women examined by doctors and medical
students, in contrast to the extremely low rate among women attended by
midwives only. He then discovered that the doctors and students came to
the patients directly from the dissecting morgue. His suspicions were
confirmed during the autopsy he performed on his friend Koltetschka. His
colleague had died of an infection from a scalpel wound sustained while
performing an autopsy on a puerperal fever victim. The dead man’s organs
exhibited the same changes as those of a puerperal patient. Semmelweis
immediately instituted a strict hand-washing policy and subsequently docu-
mented a startling decline in puerperal fever deaths. In a short time he had
succeeded in virtually eliminating puerperal fever from his maternity
wards. His original scientific communication was given the urgent title
“Hochst Wichtige Erfahrungen iber die Aetiologie der in Gebiranstalten
Epidemischen Puerperalfieber” (or, Extremely important experiences con-
cerning the etiology of epidemic childbed fever in lying-in institutions) and
appeared in Zeitschrift der K.K. Gesellschaft der Artze 1n Wien during
1847-48 and 1849. The Library does not have this journal in its collec-
tions. Despite the apparently obvious and spectacular evidence in support
of his idea, Semmelweis met with immediate and fierce opposition. His
work was refuted by virtually every orthodox obstetrician of his day and
he was personally persecuted. After leaving Vienna for Budapest, he pub-
lished his now-famous treatise Die Aetiologie, der Begriff und die Prophy-
laxts des Kindbettfiebers in Budapest, Vienna, and Leipzig in 1861. This
epochal book was basically a mass of barely comprehensible statistics
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written with hardly any style. Today, an original first edition is very rare;
the Library’s collections include a facsimile of it. Little notice was taken of
the book despite its pioneering premise—that puerperal fever was a conta-
gious form of blood poisoning or septicemia. Semmelweis died at forty-
seven, a broken, brooding man. Ironically, he succumbed to septicemia
himself while a patient at an insane asylum.

Both Holmes and Semmelweis advocated what is commonly known as
sterilization or asepsis. Essentially, this is a preventive measure that keeps
germs away from the patient. Pasteur had not yet proposed his germ
theory, so neither Holmes or Semmelweis knew exactly why their method
worked. It was thus not until Louis Pasteur founded the science of bacteri-
ology with his fermentation researches that the world became aware of the
unseen universe of the microorganism and its central role in the cause and
transmission of disease.
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Lows Pasteur possessed a facility for experimen-
tation and a genius that often made the complex
appear simple. One of his straightforward ex-
peniments, showing that the microbes responsi-
ble for decay and fermentation were in the air
and not in the decaying matter 1tself, 1s illus-
trated in this plate taken from his 1861 arucle
on spontaneous generation. In the lower night,
the long-necked bottle (25A) contains meat
broth that was heated, thus destroying all the
bacteria in 1t. Time passed but the broth did not
decay, since the bacteria in the air remained in
the lower crook of the bottle’s glass tube. In
bottle 26, the neck 1s removed, exposing the
bottle’s contents directly to the air. The broth
soon became infested weth bacteria. *‘Mémoire
sur les corpuscules.. . ., Annales des science
naturelles, 1861. Louis Pasteur.
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164 Pasteur was trained as a chemist, and early on discovered that the
microscope was his métier. By the age of twenty-six he had made a
national name for himself with his microscopic work on the asymmetry of
crystals. While in his thirties, he focused on the problem of why his
country’s wine and beer industry lost so much to spoilage. Investigating
the fermentation process, he discovered that bacteria as well as yeast cells
were present and concluded that fermentation was more than a purely
chemical phenomenon and that it involved a living organism. Furthermore,
only the proper organism would provide the desired effect. In a series of
careful but simple experiments, Pasteur demonstrated decisively that fer-
mentation 1s caused by the action of minute living organisms which, left
un<hecked, would cause spoilage. He recommended a gentle heating at an
appropriate point in the process to kill these microscopic organisms. This
method became known as “pasteurization.” Pasteur made his discoveries
known mainly through French scientific journals—primarily the Comptes
rendus of the Académie des Sciences. The Library has all of Pasteur’s
articles in that journal as well as those published in the Annales des
sciences naturelles and the Annales de chimie et de physique. The Library
also has his books on wine and vinegar, Etudes sur le vinaigre (Paris,
1868), Etudes sur le vin (Paris, 1873), and Fabrication du vinaigre (Panis,
1875). Pasteur’s studies on milk, wine, and beer were epochal in their
significance to medicine. They disproved the traditional notion of sponta-
neous generation and proved that living organisms cause both fermenta-
tion and putrefaction. He revealed a world within a world, discovering
what he called “the infinitely great power of the infimitely small.”

One who came to appreciate immediately some of the implications of
Pasteur’s bacterial studies was an English surgeon, Joseph Lister. Like
many a conscientious physician, Lister was often disheartened by patient
deaths from gangrene or infection, especially after successful surgery. Using
Pasteur’s demonstration that living microbes can be airborne, Lister hy-
pothesized that postoperative infections could be caused by bacteria in the
air. He guessed correctly that suppuration, or the discharge of pus from an
infected wound, was similar to Pasteur’s putrefaction and could possibly
be caused by similar unseen organisms. From that leap, it was a simple
matter to discover a chemical to disinfect or combat the growth of these
microorganisms. He came upon carbolic acid (phenol), sprayed it on the
patient during surgery, cleansed his instruments with 1t, and even used 1t to
dress wounds, with the result that amputation mortality fell by almost
two-thirds. His March 1867 article entitled “On a New Method of Treat-
ing Compound Fracture, Abcess, Etc.,” published in the Lancet, imitiated
the era of antiseptic surgery. Between March and September of the same
year, Lister published six articles in the Lancet, further detailing his new
system of antisepsis. A complete set of this British medical journal is in the
Library of Congress collections.

During this time, Pasteur had saved the French silk industry in 1865 by
discovering a tiny parasite that infected the silkworm. This work led him
to articulate fully his germ theory of disease and to make his famous
discovery that vaccine from germs that were weakened by heating, drying,
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or chemicals would produce an immunity without provoking any of the
disease symptoms. Pasteur’s dramatic and risky anthrax and rabies demon-
strations in 1881 and 1885 established the validity of using attenuated
germs to achieve immunity. Pasteur’s germ theory of disease has been
called the greatest single medical discovery of all ime. Indeed, once Pas-
teur had revealed the principle, its elaboration became an eventuality.
Pasteur was a complex man-—a dreamy, even romantic individual who
employed the most rigorous analytical methods. Well aware of his contra-
dictory qualities, he used them to his advantage, acknowledging the role of
intuition and imagination in his work. “Preconceived ideas are like search-
lights which illumine the path of the experimenter and serve him as a
guide to interrogate nature,” he said. But “imagination must submit to the
factual results of the experiments.” Pasteur’s later work on infectious
disease, such as his 1880 article “Sur les maladies virulentes,” are also part
of the Library’s Comptes rendus collection.

The great bacteriological beginnings provided by Pasteur came to fru-
tion with the life’s work of a German country doctor, Robert Koch. If
Pasteur founded modern bacteriology, Koch developed its basic methodo-
logical techniques and saw to its final establishment. Koch’s forte was his
exceptional mastery of the technical aspects of research. He applied this
talent to the study of an immediate practical problem—the deadly anthrax
bacillus that was killing off his neighbor’s animal stock. Through painstak-
ing research in 1876, Koch discovered the anthrax bacillus in the blood
and spleen of the dead animals. He then was able to culture the organism,
pass it through several mice, and recover the same badilli at the end of the
process. Koch had, for the first time, been able to study and therefore to
work out the complete life history and sporulation of a microorganism. As
for the anthrax itself, Koch clarified how and when the disease starts and
what its duration and cause were. The Library does not have Koch’s
anthrax paper, which was published in a work by Ferdinand Cohn in
1877, but it does have an 1880 translation, published in London, of
Koch’s book on Investigations into the Etiology of Traumatic Infective
Diseases, which first appeared in 1878. This book described the bacteria of
six different types of surgical infection and elevated Koch to the front rank
of the medical profession. He continued his brilliant investigations and
pursued his personal belief that tuberculosis was also an infectious disease.
The publication of his paper “Die Aetiologie der Tuberculose” in 1882
capped eight years of intensive research and revealed that Koch had
isolated and cultivated the infectious tubercle bacillus.

His tuberculosis paper had a second, far-reaching effect which by itself
would have made it famous. In his tuberculosis research, Koch’s procedure
was so exemplary that it came to provide a model used to this day to
prove that a specific organism is responsible for a specific disease. This
procedure came to be known as “Koch’s postulates.” The Library’s copy
of this paper is found in volume 2 of a work entitled Mittheilungen aus
dem Kaiserlichen Gesundheitsamte, published in Berlin in 1884. By the
time of his death in 1910, Koch had discovered the causes of many other
diseases—including cholera, Egyptian ophthalmia, and sleeping sickness—
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Robert Koch was a painstaking experimenter
and a master of technique. Because of this, he
was able to identify the orgamisms responsible
for several diseases as well as to study their
complete life cycles. This plate 1s taken from his
landmark paper which demonstrated his new
techmques in preserving, documenting, and
studying bactena. Th. se illustrations show
Koch’s uwn drawings, which he took from his
superb photomicrographs. Investigations into
the Etiology of Traumatic Infective Diseases,
1880. Robert Koch.
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By the mid-nineteenth century, medical research
had attained the ngorous standards of modern
medicine in the work of Rudolf Virchow. Work-
ing at the cellular level, Virchow demonstrated
that the structure and appearance of living cells
was profoundly altered by disease. In this illus-
tration from his major work, he shows normal
liver cells (A} and abnormal liver cells that have
increased in size (B), as well as those that have
become smaller and multiplied (C). De Cellu-
larpathologie, 1858. Rudolf Ludwig Karl Vir-

chow.
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and offered effective preventive measures for others, such as typhoid fever
and malaria. The revolutionary work of Pasteur and Koch laid the founda-
tions of bacteriology upon which such twentieth-century greats as Alex-
ander Fleming, Selman Waksman, and Jonas Salk have built their own
monumental medical accomplishments.

No mention of nineteenth-century medicine 1s complete without refer-
ence to the name Virchow. One of the greatest pathologists ever, Rudolf
Virchow so dominated his time that he was called ““the Pope of medicine”
by his contemporaries. A man of many talents and interests, he conducted
extensive anthropological and archaeological investigations, as well as
being a political and social activist. In 1856 he became professor and
director of the Institute of Pathological Anatomy of the Charité Hospital
at Berlin and remained in that position until his death in 1902, During
those years he performed an enormous number of autopsies and conducted
a careful microscopic analysis of diseased tissues. In 1858 he published in
Berlin, his great work, Die Cellularpathologie in which he demonstrated
that the structure and appearance of living cells was profoundly changed
by disease. The Library has a first edition of this revolutionary work that
founded cellular pathology. In his application of cell theory to diseased
tissue, Virchow brought to completion the work begun on cells by Robert
Hooke over two hundred years before and continued by Marcello Mal-
pighi, Nehemiah Grew, and Robert Brown, then through Matthias Schlei-
den and Theodor Schwann. Virchow can also be regarded as one of the
real founders of scientific medicine—his rigorous work demonstrated that
such unscientific theories as spontaneous generation were implicitly false.
Virchow did, however, go too far in ascribing all diseases to the cell or to
cellular imbalance, and he refused to acknowledge that disease might be
caused by invasion from without. Some years later Pasteur’s germ theory
explained that such invasions occurred. Nonetheless, Virchow’s genius
gave the science of cellular pathology to medicine and laid the groundwork
for later, more fundamental studies of the molecules within the cell.

Revolutionary nineteenth-century discoveries on the nature of disease
aside, most laymen and patients would agree that the greatest medical
discovery of the time was that of anesthesia. The blocking or relieving of
pain made modern surgery possible and transformed surgery from a hur-
ried, torturous procedure to a calm, controlled, scientific process. Though
there were many known sleep-inducing drugs with long but spotty
histories, ether became the first real successful general anesthetic. By 1830,
chemists had discovered ether, nitrous oxide, and chloroform, but no
medical applications were made until an American country doctor,
Crawford W. Long, performed a successful minor surgical procedure using
sulfuric ether. Dr. Long used ether successfully many times afterward but
made no effort to publish his results until 1849. By that time, the discov-
ery had been claimed by a dentist, William T. G. Morton, who authorized
the esteemed New England surgeon, Henry ]. Bigelow, to publish a full
account of Morton’s public demonstration at Massachusetts General Hos-
pital. Entitled “Insensibility during Surgical Operations Produced by Inha-
lation,” the article appeared in the 184647 Boston Medical and Surgical
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Journal and is regarded as the first published report of this new anesthesia.
The Library has this journal as part of its collections. A third contender
for title of discoverer was Charles T. Jackson, a chemist and colleague of
Morton’s who claimed he had instructed Morton in how to use the new
gas.

A long, rancorous dispute resulted as to who was the actual discoverer,
and the controversy was eventually put to a special committee of the U.S.
Senate to decide. The committee was unable to resolve the issue. In its
manuscript collections, the Library has the papers of both Dr. Long and
Charles Jackson. Long’s collection consists of correspondence and legal
documents as well as some photographs and offers what he regarded as
documentary evidence attesting to his claim of priority. Jackson’s collec-
tion consists primarily of his letters, in which he discusses his claim and
opposes that of Morton. The outcome was sad for all parties. The quiet
Dr. Long never received the recognition he deserved; Dr. Morton suffered
a mental breakdown and died in poverty; and Charles Jackson went
completely insane and died in a mental institution. A final casualty was
Horace Wells, Morton’s former dental partner, who preceded even Morton
in his ether experiments. While he was demonstrating his procedure before
Dr. John C. Warren’s medical class at Harvard, Wells’s patient cried out in
pain and Wells was booed and hissed by Warren’s students. He soon
withdrew from practice and committed suicide in 1848 at the age of
thirty-five.

Reference to the mental problems of these individuals is a fitting intro-
duction to the work of one of the most creative and influential figures of
the twentieth century, Sigmund Freud. The revolutionary psychological
theories of Freud literally created a new medical field that had been
heretofore mostly unrecognized and certainly never really explored. Al-
though the scientific credentials of this field are not as firm as most others
(traditional modes of scientific demonstration do not always apply), the
impact of psychology on virtually every field of knowledge is today both
unequivocal and easily demonstrable. Judged by their originality and revo-
lutionary impact (as well as sustained influence), Freud’s contributions are
as fundamental and as significant as those of Darwin or even Copernicus.
It was Freud, the pioneer into the mind of man, who made the world
think psychologically and therefore made it more aware of itself. For this
modern version of the loss of innocence he has been both praised and
condemned—one critic calling him “the greatest killjoy in the history of
human thought.” Yet once Freud opened the door of psychology it could
not be closed. It is safe to say that no other scientist has had such a broad
influence, his ideas having penetrated almost every field of knowledge,
from art and literature to daily life and speech.

Freud first studied neuroanatomy and neuropathology in Vienna and
later went to Paris to work with Jean Martin Charcot, studying the
problem of hysteria and the uses of hypnosis. It was from this work begun
in 1885 that Freud eventually formulated his comprehensive theory on the
determinants of human thought and behavior. His theory first appeared in
print in 1895 in Studien diber Hysterie, published in Leipzig and written in
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It seems somehow fitting that the first year of the
twentieth century should witness the publication
of Freud's landmark work probing the human
mind. Judged by 1ts onginahity, impact, and 1n-
fluence, his work ranks as high as any in the
history of science. Die Traumdeutung, 1900.
Sigmund Freud.
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collaboration with his friend and colleague Joseph Breuer. In this book,
which the Library has in first edition, Freud offered his doctrine of psycho-
analysis, which stated that human behavior 1s influenced by unconscious
mental processes and conflicts. In 1900 his greatest wotk, Die Traumdeu-
tung, was published in Leipzig and Vienna. The Library has this work in
first edition, also. The landmark work contains all the basic components of
what became the essence of Freudian psychology—dreams as wish fulfill-
ment, displacement, regressicn, and the rest. Many of the dreams Freud
examined were his own, and he gave detailed accounts and interpretations.
His book represents the first attempt at a serious scientific study of the
phenomenon of dreams, and Freud always regarded 1t as his greatest
etfort.

The Sigmund Freud Collection in the Library of Congress has grown
over the years to become the largest collection extant of his papers. This
important collection is complemented by the presence of related material
belonging to his students and associates. The papers of Alfred Adler and
the Freud-Jung letters are perhaps the most notable, with the papers of
Siegfried Bernfeld, Rudolf Dreikurs, Arnold Gessell, Maxwell Gitelson,
Smith Jelliffe, John Watson, and Edoardo Weiss also included. The major
portion of the Freud papers were donated by the Sigmund Freud Archives,
Inc., and by Freud’s daughter, Anna. In addition to his draft manuscripts
and articles, the collection consists of personal and professional correspon-
dence, not all of which is yet open to researchers. It is a sizable collection,
numbering over twenty-two thousand items and requiring 223 linear feet
of shelf space. Supporting this collection 1s a first edition ¢ollection of
books written by Freud as well as more than fifty books owned by
Freud—all with either an inscription to him, his signature, or some other
indication of provenance. Taken together, the Library’s growing collections
in the history of psychology and psychiatry make it one of the major
centers of research in that field.

After more than eighty years, much of Freud’s work has been changed
and modified, yet no amount of change can alter his stature or diminish
the fundamental significance of his work. By the force of his genius he
generated such an essential reorientation toward the study of the motva-
tions of human behavior that he forced an essential change in our percep-
tion of ourselves and of the world around us. With an epic ambitiousness
he focused on the most obscure, complex, elusive, and unpredictable
subject for study—the mind of man. Alone, he went into unknown terri-
tory, and like any brave pioneer, he was able to describe, to designate,
and, finally, to offer his personal vision of what he had discovered to the
world.

It has been nearly fifty years since Freud died, and the medical world he
inhabited no longer exists. In this fairly short span of time, medicine has
undergone a sea change in its basic understanding of things and in its
ability to diagnose and to treat. Yet despite the many spectacular successes
of twentieth-century medicine, few today would suggest that we are ap-
proaching any medical nirvana. Besides those numerous diseases that have
proven intractable, we witness regularly the emergence of new illnesses or
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the strengthened permutations of old ones. This combined with our high
technology and its sometimes unexpected and often dangerous by-products
and effects, as well as the stressful nature of modern lifestyles, all seem to
conspire to pose new threats to our overall well-being. So medicine, hke 1ts
sister disciplines, continues on its scientific treadmill—a frustrating, sumu-
Luting, and necessarily endless pursuit of understanding,

The tradition of medicine is linked most intimately with all things
human. Unlike most other traditional scientific disciplines, medicine fo-
cuses wholly on mankind as its subject—creating the unique scientific
situation of an essential identity between the investigator and what he or
she is investigating. As a pracuce, medicine is nearly as old as mankind. As
a science, it is one of the latest to mature. Yet whether ancient art or
modern science, medicine is concerned primariy with the well-being of the
whole human being and cannot help but have a typically humanstic
tradition. Despite its magico-religious history with its sometimes altogether
wrong-hcaded and harmful methods (which led onc medicval victim to
choose as his epitaph, “I died of a surfeit of doctors”) or its mechanistic
and coldly clinical modern counterpart, the tradition of medicine is essen-
tially that of science both humanized and humane.
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5. Chemistry: Fertile Alchemy

As an exact science, chemistry is relatively young. Compared to astron-
omy, its real beginnings as a systematic and unified discipline are found
practically in the modern period. Until Lavoisier at the end of the
eighteenth-century imposed a unity on chemistry, gave it a common lan-
guage, synthesized previous work, and defined its legitimate research prob-

lems and methods, chemistry was a hodgepodge of all manner and types of

science and pseudoscience. Part medicine, part metallurgy, and part guess-
work, chemistry was an art whose practitioners would variously treat,
distill, melt, vaporize, and even attempt to transmute. If liqud could be

transformed into gas and solid into liquid, why not lead into gold, sickness

into health, and well-being into eternal youth? By Lavoisier’s time, then,
chemistry was badly in need of definition and focus.

It is all too easy to blame alchemy for the seemingly retarded develop-
ment of chemistry. Some might argue that the centuries of alchemical
experience took away more than they gave to science. Functioning with no
real theory in an almost ad hoc manner, encouraging the intuitive and the
subjective, seeking 10 obscure rather than to clarify and to hide rather than

to transmit knowledge, alchemy left a legacy of decidedly unscientific—and

perhaps even antiscientifi—methods. Were not centuries of human effort
wasted by the indulgences of the alchemists?

This judgment can be made, however, only if one assumes that the
development of science always proceeds in a rational and linear manner.
The history of chemistry illustrates the opposite. Few disciplines have been
so dominated by the love of speculation and the desire to do the impossi-
ble as chemistry in its alchemical period. The residue of its unscientific and
gratuitous explanations tarnished even the best work of the most talented
individuals. How else can we explain why Joseph Priestley stubbornly
clung to the phlogiston theory in the face of Lavoisier’s powerful and
correct refutation.

The history of chemistry also shows how difficult the real stuff of
chemistry—the knowledge of the comnpositi.n of substances—can be to
discover and to grasp. Was it not easier to ctudy the planets’ orbits and to
plot their irregularities or to dissect a corpse to learn how the blood moves
than to study the air itself? How does one study it, capture it as a subject,
or analyze its properties? Alchemy may have been a dead-end path off the
main road of chemistry, but its existence alone is not responsible for
chemistry’s relatively late flowering. Knowledge of the essential constitu-
ents of the material world required the solution of a powerfully complex
puzzle—one not quickly or easily solved. Historical comparisons are some-
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times revealing and it is interesting to note the comparative levels of
development of different disciplines by considering three books 1n the
Library’s collections.

The year 1543 1s a scientific milestone, marking the real beginning of
two modern sciences. In that year in Nuremberg, Nicolaus Copernicus
published his De revolutionibus, which founded modern astronomy by
correctly positing a heliocentric universe. Remarkably, only three hundred
miles away in Basel, another revolutionary book was being published in
the same year. De humcni corporis fabrica, written by Andreas Vesalus,
was launching modern anatomy and would eventually dispel a millenia of
medical confusion with its scientifically accurate description and illustra-
tions of human anatomy. Yet just one year before, in Venice 1n 1542, a
book attributed to the legendary and long-dead Raymund Lully was pub-
lished. Entitled De secretis naturae, this treause offered the reader instruc-
tions detailing miraculous medical cures as well as ways to convert imper-
fect metals into pure silver and gold. Obviously, this work was the peer of
De revolutionibus and De humani corporis only in chronological terms.
But the point 1s made. While medicine and astronomy were entering their
formative periods in the mid-sixteenth century by beginning to experiment
and to seek scientific truths for their own sske, chemistry was a backward
art, steeped in myth and distraction—and sull over one hundred years
away from Robert Boyle’s healthy skepticism.

The following discussion of major works of chemistry in the collections
of the Library of Congress begins with the long heritage of alchemy and
attempts to focus on its real and positive contributions. One might ask
whether anything could have lasted so long and turned the heads of so
many if it were totally useless and not at all practical. At the least,
alchemy offered centuries of applied knowledge of the nature and charac-
teristics of materials and their combination. The chapter concludes at the
beginning of the twentieth century with the last of the great individual
chemists. An undetlying theme, linking the early alchemists to these mod-
ern chemists, might be the search for the elements of nature—those pri-
mary material substances common to all matter.

Alchemy is both th: fertile subculture and the grand illusion of chemis-
try. Typically, it is disparaged as a disreputable pseudoscience—a scientific
cul-de-sac, and a sadly laughable one at that. Nonetheless, a significant
part of the history of chemistry is undeniably alchemical—chemistry hav-
ing had a long inductive period—and to slight the contributions of alchemy
to the development of chemistry would be to present a distorted picture.

Alchemy has been many things to many people. To some it was a
“divine art” whose admixture of astrological symbols, magical charms,
and religious ideas would produce gold from base metals. To others, it
was a patient and doggedly experimental search into the nature of things.
Although practitioners of both schools may have worked with the same
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materials and performed similar experiments, it was the underlying philo-
sophi-al concept of each that distinguished the charlatan from the serious
experimentalist. The philosophy of the false alchemist was straightfor-
ward—his was a singular search for a way to make gold from common
metals. Not much philosophy t The true alchemist, however, was
more serious both in his mannc. . i his objectives. He sought an
understanding of the principles of things—trying to discover the essential,
invisible force behind the matenal world.

Whatever the merits of such a search, this goal both assumes and
engenders a certain inquisitiveness, a healthy curiosity about the natural
world. Inevitably, chemistry was to benefit from these centuries of expen-
mentation and experience with all sorts of metals and materials and
combinations thereof. Despite its sometimes irrational premises, fraudulent
practitioners, and ludicrous claims, alchemy bequeathed to science a tradi-
tion rich in hands-on experience. The alchemist’s laboratory was literally a
place of labor, the ubiquitous fiurnace and alembic always at work melting,
distilling, sublimating, refining, and evaporating. It is because of this
pragmatic, experimental tradition that the rich legacy of alchemy assumes
a significance to the history of the chemistry.

Alchemy is commonly said to have been begun by Hermes Trismegistos,
the Greek name applied to the Egyptian god Thoth (“Thoth, the thrice
great”), the patron of science and learning in general. It was he who
supposedly provided the basic document of alchemy, the Emerald Tablet.
From its origin in ancient Egyptian mysticism, alchemy followed the main-
stream of learning and civilization, flourishing in Alexandria and spreading
from there throughout the Greek-speaking world. After Rome fell, the
Nestorians and Monophysites, exiled from Byzantium, brought their al-
chemy to Syria and Persia where it was taken up enthusiastically by the
Arabic-speaking peoples. After some centuries, alchemy was spread
through the whole of Western Europe by the European scholars who
translated the Arab texts. During the Renaissance, alchemy was further
stimulated by two contrary impulses—a romantic revival of things ancient
and a pragmatic urge to manipulate the natural world. Following this
period, alchemy was very much alive and continued to receive varying
degrees of serious attention ever through the eighteenth century.

Because the legacy of alchemy is such an ancient one, its literature :s
sizable. Yet as a body of literature it is maddeningly chaotic. The central
problem is the secretive nature of both the craft and the craftsman. Unlike
the modern scientific method, which values and encourages rapid disclo-
sure of results and methodology, the tradition of alchemy was to obscure
and to conceal. As a result, alchemical texts are suffused with a kind of
cabalistic symbolism and equivocation that made mietaphor their medium.
Conveyors of theoretical truths they may not be, but these texts do contain
significant empirical information on the nature of materials. Yet by far it is
| their abstract, equivocal quality that fascinates, intrigues, and attracts. As
} contemporary evidence of the omnifarious nature of alchemy, there is the

convention that views all its texts as being solely allegorical tracts with
| psychological implications. Alchemy is surely many-sided.
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Emblem books of all types flourished in the
seventeenth century, and alchemy found their
use of symbolic pictures and didactic mottoes
especially appealing. This page from Michael
Maier’s Atalanta fugiens typifies the alchemical
emblem book with its symbolic “Ouroboros”
pictured below the words,*“Thus 15 the dragon
which devours its own tail.” The epigram below
the llustration tells metaphonically of the unity
of all matter and of regeneration of life through
death. To the practicing alchemust, the circle and
the epigram symbolized the repeated dissolving,
evaporating, and distilling he must perform to
obtain the desired degree of purity of matter.
Atalanta fugrens, 1617.




The use of symbolic pictures in alchemical texts
was a sort of insider’s shorthand. Aside from the
ubiquitous dragon or serpent, the image of a
marriage was one of the more frequently used
symbols. This picture symbolizes the combina-
tion of two substances—the union of king and
queen, sun and moon, gold and silver. Despite
its penchant for the esoteric, nearly all of alche-
my’s symbolic images are grounded n common
notions and relate directly to the realities of
everyday life. Artis auniferae, 1593.

This simple woodcut is a very crude version of
an elegant late medieval manuscript. The story
told here is an allegorical rendering of an al-
chemical process or recipe. Specifically, it illus-
trates one part of a process (dismemberment
signifies purification through separation of
parts) which leads ultimately to the generation
of the philosopher’s stone—that magical tinc-
ture responsible for all sorts of chemical mira-
cles. Aureumn vellus, 1599.

Debates as to their meaning and ments aside, virtually all of the major
compilations of alchemical writings are represented in the collections of
the Library of Congress. From the sixteenth century to the end of the
eighteenth, it was a fairly common practice to gather alchemical books and
manuscripts and print them together in collected editions. Nine of these
works will be described here. The earliest and one of the most valuable of
these collections is De alchemia, published in Nuremberg in 1541. The
Library’s copy of this work is on microfilm. De alchemia contains sixteen
woodcuts and includes the works of the Arab Djaber, called Geber, and

the famous “Tabula smaragdina” (Herme’s Fmerald Tablet), whose co-
nundrums and equivocations are printed here for the first time. It also
contains Speculiz alchemiae, a work attributed to Roger Bacon that became
the original text from which the 1597 English edition of The Mirror of
Alchimy was made.

Verae alchemiae, a very large work with no illustrations, was published
in Basel in 1561. It was edited by the physician Guglielmo Grataroli and
includes the works of Roger Bacon, Geber, Arnold of Villanova, and Albertus
Magnus, among many others. As a good cross section of alchemical literature,
it contains practical knowledge of chemical facts as well as typically extrava-
gant claims of gold-making or boasts of prolonging human life.

Another of the chief collections of the standard alchemical authors is
Artis auriferae, whose title fancifully tells of the art of making gold.
Although this work was first published in Basel in 1572, a more handsome
reprinting was done in the same city in 1593, of which the Library has a
two-volume copy. It includes the famous Turba philosophorum or Assem-
bly of Philosophers, which is regarded as the report of a meeting of
historical sages and alchemists of classical antiquity who discourse and
debate alchemical issues. In 1937, a later edition (1610) of this collected
work was offered for sale by a London bookdealer whose catalog noted
that “Some of the woodcuts in the work would, from any but the alchemi-
cal point of view, be considered highly improper.” This Library has this
edition on microfilm.

The Library’s copy of Aureum vellus or The Golden Fleece is a rare and
interesting work attributed to the mysterious Salomon Trismosin, magician
and legendary teacher of Paracelsus. Many doubt whether such a person
ever existed. This work opens with Trismosin narrating his many travels
through Italy and the East and telling of a tincture with which he made
himself young. In veiled language and symbolic illustrations, Trismosin
supposedly tells how to prepare the tincture (or philosopher’s stone)—the
ineffable substance that would effect all manner of chemical miracles. The
Library’s copy of this collected work was printed in Rorschach on Boden
See in 1599 and also contains Trismosin’s famous Splendor solis. Its pages
are darkened and 1ts overall condition indicates that it was heavily used.
The book eventually saw many translations. In French, it became well-
known as La Toyson d’or, published in Paris in 1612 and 1613. Another
edition, containing the complete five tractates, was published in Hamburg,
1708-18, under the title Eroffnete Geheimnisse des Steins der Weisen oder
Schats-Kammer du Alchymie.

THE TRADITION OF SCIENCE

183




ERIC

Aruitoxt provided by Eic:

The six-volume Theatrum chemicum published by Lazarus Zetzner in
Strasbourg between 1659 and 1661 contains about two hundred tracts and
is the largest and most comprehensive compilation of alchemical works
published. This collection is both representative and unique, many of its
treatises coming from hitherto unpublished manuscripts. Isaac Newton had
this work in his library and is known to have used 1t often. The library has
all six of the small but very thick volumes.

Theatrum chemicum britannicum is similar 1n name only to the above
work. This large volume is a rare collection of strictly English alchemical
poetry. It is the work of Elias Ashmole, an English antiquarian and
collector, who compiled the thirty-two poetical writings and published
them with his not_, in 1652 in London. The Library has the 1652 edition.
As a source of information on the English medieval al.hemical experiences,
this work is invaluable. Newton had this work too in his library.

The Library’s best copy of Musaeum hermeticum reformatum is the
1678 second edition published in Frankfurt. This collection of alchemical
writings was first published there in 1625, but this second edition is the
more complete. It contains twenty-one separate treatises, each with an
engraved title page, and forty-one mostly symbolical illustrations. It was
published by the physician and imperial poet Adrian Mynsicht under the
pseudonym Henricus Madathanus.

Jean Jacques Manget’s Bibliotheca chemica curiosa, published 1n Geneva
in 1702, nearly rivals Zetzner’s Theatricum chemicum as the most com-
plete collection of alchemical texts ever published. Made up of two folio
volumes, both of which the Library has in its collections, the work 1s not
only fairly exhaustive but also well organized. Manget, a physician to the
king of Prussia, classified the authors according to the subject and nature
of their writings. In the first volume there are sixty-nine tracts, and in the
second, seventy-one. Manget’s compilation is especially significant, since it
contains many treatises not found elsewhere. Manget died in his ninety-
first year, supposedly without ever having had a day’s illness.

The final alchemical work worthy of note is Bibliotecha chemica, an
alchemical bibliography compiled by Friedrich Roth-Scholtz. Published in
Nuremberg in 1719, this useful compilation is written in German, despite
having a Latin title. The book does contain gaps, however, since Roth-
Scholtz did not live to complete his work. The Library has a recent
facsimile of the later 1727~29 edition. Also in the Library’s collection is
his Deutsches Theatrum chemicum published in Nuremberg between 1728
and 1732. This collection of fifty-two different alchemical treatises con-
tains a separate title page for nearly each work. Of these nine major
compilations of alchemical literature, most are made up of pre-Renaissance
alchemical writings and sixteenth-century medical recipes. In both periods,
certain names recur and predominate. The names of Geber the Arab,
Roger Bacon, Raymund Lully, Arnold of Villanova, Albertus Magnus, and
Basil Valentine became obligatory to the compilers. Many works were
attributed to these famous individuals—not all correctly so. Nonetheless,
the Library has an impressive collection of their individual efforts. The
works of the famous Geber are represented by Chimua, published in Lyons
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This image depicts the combining of sulfur and
mercury—which most alchemists believed to be
the two immediate constituents of all metals and
munerals. The lion-headed serpent devouringts
own eagle head is a vanation of the ancient
“Quroboros,” which was an emblem of the eter-
nal, cychic nature of the universe and the unity of
all matter. The chemical formula suggested here
15 not what 1t appears, however, since sulfur and
mercury when combined form only the unmag-
cal cinnabar (niercuric sulfide). The alchemusts
evaded this reality by arguing that only pure,
“sophic,” or 1deal sulfur and mercury, and not
their “vulgar” or ordinary counterparts, would
achieve the intended result. Theatrum chem-
cum, 1659-61.
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One of the more puzzling works in Manget’s collection of alchemical tracts 1s the Mutus hiber, a
series of fifteen eng: aved plates with no explanatory text, supposedly depicting the preparation of
the philosopher’s stone. Here 1t first plate and frontispiece shows the biblical story of Jacob’s
ladder, 1n which God’s messengers descend the ladder connecting heaven and earth and promise
asleeping Jacob a bounteous future. These plates are partly symbolic and partly representational
and show a man and a woman performing various chemical operations. The book has been
attnibuted to an eighteenth-century French physician named Tollé who used the name Altus or
the anagram Saulat. Bibliotheca chemica curiosa, 1702. Jean Jacques Manget.
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in 1668, and by The Wcrks of Geber, published in London in 1678. The
fascinating Doctor Mirabilis, Roger Bacon, about whom much imaginary
lore has been written, is best represented by his famous book Le Miroir
d’alquimie, published in Lyons in 1557. Bacon’s book is almost small
enough to fit in the hand, but it is extremely thick. Lully was, like Bacon,
a friar. Among works attributed to him in the Library’s collection is De
secretis naturae, published in Venice in 1542. The Library also has the
1541 Strasbourg edition on microfilm. While Lully ruay have known some
secrets of nature, as his book title suggests, they did not prevent him from
being stoned to death in Algiers, where he was trying to convert the
Muslims to Christianity.

By the fifteenth and sixteenth centuries, alchemy had taken a more
practical turn and had entered what has been called its iatrochemical
penod. Alchemy in service to medicine may be best represented in the
Library by the classic Alchymia of Libavius. Published in Frankfurt in
1606, this work has been described as the first chemical textbook, in the
modern sense of the word. Libavius was the Latinized name of the Ger-
man scholar Andreas Libau. His book included not only a record of the
chemical knowledge of the his time and a summary of much past knowl-
edge but also a unique and very detailed plan of what he considered to be
an ideal chemical institute of the future. It is interesting to note that the
building he described included not only areas for distilling and crystallizing
but also a secret goldmaker’s furnace and laboratory. The Library’s copy
of Libau’s rare work is a large book with metal clasps and contains many
illustrations of alchemical equipment. The most famous practicing medical
alchemist was Paracelsus, but he was considered here in the chapter on
medicine.
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It1s not known for certain that Roger Bacon
wrote this book, onigmally titled Speculum al-
chenuae. It is a short and not particularly distun-
gutshed work, treating the origin and composi-
tion of metals, and contains some allustons to
transmutation as well as obscure metaphysical
discusstons on the onigin of mercury and sulfur.
What does distinguish ths book 1s the fact that
1t1s among the first generation of Bacon’s works
to be printed, his wntings having remarned in
manuscript form since the thirteenth century.
Bacon’s primary contribution to chemistry, in-
deed to all of science, was his insistence on the
superiority of observation and experiment over
mere argument as a method of acquiring knowl-
edge about the natural world. It was opintons
like this as well as exaggerated popular accounts
of his experiments that resulted in his imprison-
ment and his being remembered by posterity as
doctor murabilis, the “wonderful teacher.” Le
murowr d’algismic, 1557, Roger Bacon.
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In a style common to many books of its time,
this itle page 1s bordered with scenes depicting
1ts subject matter—in this case, alchemy. But the
alchemy of Andreas Libavius was primarily
pharmacology, or chemustry in service to meds- - : .. . -
cine—accounttng for the figures of Hippocrates

and Galen on the title page. As a physician, Francorvrcrg

Libavius agreed in principle with Paracelsus in Excud: . ‘

his use of chemical remedies, but also cnticized 'y i‘:’]m’,'”s‘"wmﬁ Petrs Xopf

him for being both vague and extravagant in his Aano cI :’; 1>. Vi i
chemical prescriptions. Libavius presented in his récé ] .
Alchymia not only the chemustry of his time but

also a summary of past chemical knowledge, all : *a
written in plain language. Alchymia, 1606. ’ ~

Andreas Libavius. ) Y

THE TRADITION OF SCIENCE

187




Three final books require mention before the Boyle period and the early
beginnings of modern chemistry, and all three have to co with the practi-
cal sides of chemistry. The earliest is a valuable incunatulum by Hierony-
mus Brunschwig, Kleines Distillierbuch, published in Strasbourg in 1500.
Basically a medical recipe text, The Distilling Book’s special purpose was
to apply the technique of distilling with steam to the separaticn of a
plant’s medicinal essences from its nonmedical parts. The book contains
many skillful illustrations of the period’s chemical apparatus, and its
woodcuts of plants are striking.

Two other significant early texts are concerned with practical aspects of
the study of metals. Georgius Agricola, in his classic work on metals, De

CHEMISTRY: FERTILE ALCHEMY

179

The chemustry of Brunschwig was more in the
tradition of materia medica than alchemy in that
it focused primanly on the distillation by steam
of a plant’s medicinal essences. This frontispiece
shows a unique botanical scene where the disull-
ing apparatuses have become part of the garden
itself. Jn addition to his distilled herbal remedies,
Brunschwig offered a few unorthodox cures,
such as distlled “waters” of ants, frogs, and
fhies. Kleines Distillrerbuch, 1500. Hieronymus
Brunschwig.
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Vannuccio Biringuca ignored both alchemy and
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re metallica, summarized everything connected with the miming industry
and metallurgical processes. Agricola’s real name was Georg Bauer. His
systematic and comprehensive work was published 1n Basel in 1556, a year
after his death, and it contains a magnificent series of 273 large woodcut
illustrations. The book is discussed at greater length in the chapter on
geology. A smaller work also in the Library’s collections is De la pirotech-
nia, which details the processes of sixteenth-century metallurgy. Written by
Vannuccio Biringucci and published in Venice in 1540, the book proceeds
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along the same lines as Agricola’s. Written 1n the vernacular, the text 1s
notable for its clarity and precision. It 1s intended for the practicing
metallurgist and the maker of gunpowder and chemucals used in warfare.

The publication in 1556 of such a systematic and stately folio as
Agricola’s De re metallica exemplifies the sixteenth-century tendency
toward a more rational, less intuitive kind of chemistry. Equally important
were the beginnings of a movement away from the one-sidedness of
applied chemistry. Not until chemistry was completely divorced from
medicine would it be established as a separate science. This process was set
irrevocably into motion with the publication in 1661 of a little octavo
volume that was both anonymous and undedicated. Written by Robert
Boyle, the seventh son and fourteenth child of the earl of Cork and Lord
High Treasurer of Ireland, the book summoned up a new scientific spirt.

Boyle’s book, The Sceptical Chymist, first published in London, echoed
the emerging experimental science of his time and must have rung in the
ears of the Scholastics. Written in English in the form of a dialogue, the
text rails against unquestioning adherence to authority and exposes the
errors, pretensions, and posturing of his fellow “chemists.” Boyle became
the ever-questioning skeptic in this book, whose “why’s” would only be
stilled by demonstrable proof. In this regard, he became the first true
exponent of the Baconian method of experimental science, or what was
then called the New Philosophy. Although the book became very popular,
it did meet with resistance—specifically from the truculent author of the
Leviathan, Thomas Hobbes, who disparaged what he called “the experi-
mentarian philosophers.”

The Sceptical Chymist attacked the core of traditional alchemical philos-
ophy concerning the composition of all matter. Specifically, it contended
that the elements of Aristotle (earth, air, fire, and water) and the three
principles of Paracelsus (mercury, sulfur, and salt) were founded on intui-
tion and bad observation. An element, it claimed, was a rezl, material
substance that could be identified only by experiment. Boyle has been
called the catalyst who set off the much-overdue chain reaction in chemis-
try, and so he was. It was only after Boyle that chemists perceived the
larger dimensions of their science and began to put aside their pure
empiricism for a grander, more productive theoretical and experimental
science. Boyle’s Sceptical Chymist, of which the Library has the 1658
Rotterdam edition in Latin and the 1680 Oxford edition, began the first
revolution in chemistry, without which the second revolution, Lavoisier’s a
century later, could not have occurred.

Boyle’s call for a more systematic chemistry was supported and promul-
gated by his contemporary Nicolas Lémery. Although Lémery did little
original experimental work, his textbook on chemustry, Cours de chymue,
became the best and most popular work of its time. It was so widely used
that Lémery lived to see thirteen editions of it published. Many transla-
tions followed its publication in 1675, and for more than fifty years the
book served as the most authoritative text in general chemistry. The
Library has an English version, A Course of Chymistry, published in
London in 1680, as well as a battered and well-used French copy pub-
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The title page of this English version of Boyle’s
Sceptical Chymst draws the battle lines of
chemustry straightaway. In this work, Boyle at-
tacks the assumptions and conclusions of the
“Vulgar Spagirists” or alchermsts whose un-
proven and confused theories held sway for so
long. Espousing the experimental method, Boyle
outlined a new concept of what an element s.
He rejected the alchemical notion (taken from
the Greeks) that all matter 1s composed of some
combination of earth, air, fire, or water and
argred instead, “I now mean by Elements . . .
certain Pnmitive and Simple, or pertectly un-
mingled bodies.” Boyle’s new concept of ele-
ments marked the beginnings of saientific chem-
1stry by wrenching it free from both medicine
and alchemy. The Sceptical Chymust, 1680.
Robert Boyle.
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lished in Paris in 1730. Lémery, as an adherent of Boyle, made popular the
notion of chemistry as a “demonstrative science” and strongly advocated
the experimental method.

This new methodology was turned increasingly toward the matter of fire
and combustion—a subject that was to dominate eighteenth-century chem-
istry. The phlogiston theory of Georg E. Stahl, which purported to explain
both why some things burn and why others do not and to describe the
nature of combustion, came to dominate eighteenth-century chemistry.
Stahl’s hypothetical phlogiston, which he named from a Greek word
meaning “to set on fire,” was described in his Zufillige Gedanken . . .
siber acn Streit, von dem so genannten Sulphure, published in Halle in
1718. Th:e Library has this edition, whose utle translates Random
Thoughts on ilye Dispute about the So-called Sulfur.

The phlogiston theory explained combustion neatly. Combustible objects
were rich in the substance and the burning process involved its loss to the
air. When the object was fully consumed, it contained no more phlogiston
and could no longer burn. Thus a piece of wood or paper possessed
phlogiston, but the remaining ash did not. The irony of this false and
mustaken theory 1s that not only was it not an obstacle to the development
of chemistry but it actually inspired further research by a large body of its
proponents. Such great chemists as Black, Caven.dish, Scheele, and Priestley
were phlogistonists throughout. The significance of the theory and its
saving grace is that it was the first imp~rtant generalization in chemistry.
From a singular and common point of view, a variety of processes,
chemical actions, and substances could be comprehensively correlated. The
phlogiston theory was by no means bad science—it wus simply wrong.

Joseph Black was a rigorous investigator with a high regard for the
experimental method. He is best known for his discovery of carbon diox-
ide, which he called “fixed air,” yet his research methods and research
focus are equally sigmificant. In his experiments, Black placed great empha-
sis on the weight proportions of the reacting chemical compounds he
tested. His pioneering techniques of quantitative measurement paved the
way for the coming revolution in chemistry. Black’s discovery o1 arbon
dioxide was included as an appendix to his inaugural dissertation, *De
Humore acido a cibis orto et Magnesia alba,” presented in 1754 for his
medical degree. This was iater published as a separate paper, “Experim- -ts
upon Magnesia Alba, Quicklime, and Some Other Alcaline Substances.”
The Library's collections include this rare paper as it first appeazed in a
1756 publication of the Philosophical Society of Edinburgh. Apart from
this paper, Black published practically nothing in chemistry, focusing
mainly on teaching. His lectures were published anonymously in 1770, and
a more complete account of them. Lectures on the Elements of Chemistry,
was 1ssued in Edinburgh in 1803. The Library’s collections include the
latter two-volume set. Black was a popular lecturer who numbered among
his students not only the famous Daniel Rutherford but also Benjamin
Rush, who became the first professor of chemistry in America. Black had
little difficulty abandoning his phlogiston views once the theories of
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Lavoisier became demonstrable. In fact, he welcomed and embraced this
new, verifiable information.

Black’s contemporary and feilow countryman Henry Cavendish never
surrendered to the facts, however. That Cavendish should remain a phlo-
gistonist is especially remarkable, given the fact that his own discoveries
gave its opponents a most formidable weapon. But the irony is consistent
with this most strange and enigmatic of famous scientists. Reclusive and
eccentric, Cavendish 1gnored every aspect and reality of the world and
focused only on his work. Dedicated solely to his solitary experimentation
and studies, he almost never spoke, and communicated with his female
servants by notes. He ignored his huge eritance as totally as he dis-
dained the trappings and glories of = cd. Preferring not to confront
his protessors for examinations, he ook no degree from Cambridge.
Choosing minimal contact with his scientific peers, he published virtually
nothing. Despite tkis seemingly wasted life, Cavendish possessed a protean
devotion to his science and wasted little time. In his work is fouid the
proof that water consists of hydrogen and oxygen and that air is a mixture
of nitrogen and oxygen in constant proportions. This revelation of the
compound nature of what had traditionally been considered basic “ele-
ments” was to sound the death knell of the Aristotelian system. Cavendish
experimented with electricity, and it was by his passing an electrical
discharge through a mixture of ordinary air and what he called “inflam-
mable air” (hydrogen) that he obtained water. These results were docu-
mented in two rare papers, “‘Experiments on Air,” written by Cavendish
for the Royal Society at the urging of a colleague. The Library has both
papers, which were published (one in 1784 and the other in 1785) as part
of the society’s Philosophical Transactions. Cavendish labored at his work
with a seemingly inhuman purity of spirit. He cared for neither credit nor
acknowledgment. As a result, although his electrical work anticipated most
of what was to be discovered in the next fifty years and his air experi-
ments discovered, in addition to hydrogen, the gas we now call argon,
such work remained unknown for nearly a century. The unpublish=d
electrical experiments of Cavendish were edited by the equally great James
Clerk Maxwell almost a hundred years after they were conducted by
Cavendish. The Library has a first edition of Maxwell’s Electrical Re-
searches of Henry Cavendish, published in Cambridge in 1879.

As the work of Black and Cavendish shows, the study of gases occupied
many of the best minds of eighteenth-century chemistry. Jaseph Priestley
was no exception. Priestley is well known for having discovered oxygen, or
what he called “dephlogisticated air.” The name he chose for this new gas
was indicative of his scientific sympathies—Priestley was a die-hard phlo-
gistonist. Stahl’s theory had such an intellectual grip on him that cven after
he had discovered a new substance, recognized it as such, and determined
its properties, he persisted in explaining the phenomenon in terms of the
phlogiston theory. This stubborn streak was an essential part of his char-
acter, however. As a schoolteacher-preacher of the Unitarian sect and a
sympathizer with the revolution in France, Priestley was comfortable as-
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In this frontispiece, Priestley shows off his in-
ventive genius by illustrating some of his many
experiments. The large oval bowl is his pneu-
matic trough which held inverted cylindrical jars
in water and collected the gases he produced
experimentally. Between two of them stands an
inverted beer glass holding a mouse that is
breathing Priestley’s “dephlogisticated air” or
oxygen. To the far right, cylinder number 2
illustrates his experiment with plants taking in
carbon dioxide in daylight. These and other ex-
periments led Priestley to the inescapable and
revolutionary conclusion that air, which had
forever been thought to be a simple and indivisi-
ble element, was indeed a compound substance.
Experiments and Observations on Different
Kinds of Air, 1774-77. Joseph Priestley.
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suming an unpopular and controversial stance in a conservative Britain.
His chemical experiments were both ingenious and productive, however,
and despite his unpopular religious and political views he was awarded the
Royal Society’s Copley Medal. Descriptions of the bulk of his chemical
experiments are contained in his three-volume Experiments and Observa-
tions on Different Kinds of Air, published between 1774 and 1777. The
Library of Congress collections include the London first edition. In it is
found his August 1, 1774, experiment in heating red oxide of mercury,
which produced oxygen. Priestley sampled the new gas himself and felt
“light and easy” and noticed that a candle burned “with a remarkably
vigorous flame” in it. Priestley’s scientific reputation and achievements did
not guarantee total British toleration of his political views and on July 14,
1791, the second anniversary of the fall of the Bastille, his home and
laboratory in Birmingham were destroyed by the townspeople. Priestley
then fled to the newly independent United States and settled near the city
of his scientific compatriot Beujamin Franklin. It was from Northumber-
land, near Philadeiphia, that Priestley, obdurate to the end, published his
last work, The Doctrine of Phlogiston Established, in 1800. The Library’s
first edition copy is a small spare book.

To Karl Wilhelm Scheele is usually credited the independent discovery of
oxygen, but Scheele actually discovered it in 1771, some years before
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Priestley. A negligent publisher is blamed for the delay in making his
discovery known. It was not until 1777 that Scheele’s Chemische
Abbhandlung von der Luft und Feuer was first published. The Library’s
copy was published in 1782 in Leipzig. Scheele was another of those hardy
experimentalists of the age for whom work was all-consuming. In the
course of his life, Scheele discovered or contributed to discoveries of more
new substances of significance than any chemist before or after. He was a
brilliant and ingenious investigator whose early death at forty-three may
have been hastened by his self-testing, and tasting, of new compounds. At
the time of his death, Scheele was still a phlogistonist.

Modern chemistry begins with Antoine Laurent Lavoisier. He has been
called the Galileo of chemistry, for he destroyed the traditional but false
notions of the old school and placed his discipline on a systematic scien-
tific footing. Lavoisier was a brilliant student from a well-to-do family. He
met with quick scientific success and recognition and was elected to the
French Academy of Sciences at the age of twenty-three. Early on, he was
to appreciate the critical importance of accurate measurement, and it is
with his relentless application of the quantitative method that modern
chemistry began.

Lavoisier also standardized and gave sense to the language of chemistry,
no mean feat given the fancies of its alchemical tradition. In collaboration
with other chemists of his day, notably Louis Guyton de Morveau, he
published Méthode de nomenclature chimique in Paris in 1787, which
propounded new principles of chemical terminology. The clarity and logic
of his system made it readily acceptable, and it became the basis of
modern nomenclature. The Library’s copy of this work is a 1787 first
edition.

In his most important work, Traité élémentaire de chimie, published in
Paris in 1789, Lavoisier cleared away the confusion of centuries of alchem-
ical myths and eventually overthrew the theory of phlogiston. Although he
was not the first to discover oxygen, he gave it its name and was able to
undertand and correctly interpret the experiments of his predecessors.
Interpreting and synthesizing the work of Cavendish, Priestley, and other
chemists, he offered a clear, unified picture of chemistry as a real, modern
science. He demonstrated the principles of the indestructability and conser-
vation of matter and built a rational system of known elements. With this,
he established the modern idea of elements as substances that cannot be
further decomposed. His two-volume treatise, which the Library has in
first edition, is recognized as the first modern chemical textbook. All of its
illustrations were done by his wife, Marie-Anne Pierette, who married
Lavoisier when she was fourteen.

This famous work appeared the year the French Revolution broke out,
and Lavoisier was unfortunately considered by the revolutionaries to be on
the wrong side. For years he had been an official at the Ferme Générale, a
private consortium that collected indirect taxes for the government; his
wife was the rich, beautiful, intelligent daughter of an executive of that
firm. He had made many enemies, one in particular being Jean-Paul
Marat. On May 8, 1794, the guiliotine took off the head of the mar who
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Antoine Lavoisier was the chief architect in the
eighteenth-century reform of chemistry and col-
laborated in a work that (aid out a standardized
language for chemistry. This popular work not
only eliminated much of the synonymy and con-
fusion of chemical nomenclature but set forth a
rational organizing scheme that listed +he
known elements, metals, and elementary gases,
among other things. This sample page shows the
archaic names in the left columns and the new,
scientific designations on the right. Méthode de
nomenclature chimique, 1787. Guyton de Mor-
veau.

had laid the foundations of modern chemistry. An apocryphal story re-
counts that in sentencing Lavoisier, the revolutionary tribunal declared,
“The Republic has no need of scientists.” National repentance soon fol-
lowed Lavoisier’s execution, however, and in October 1795, the Lycée des
Arts unveiled a bust of the scientist, declaring him to have been a victim of
tyranny.

Despite his fate, Lavoisier’s contributions to chemistry were irrevocable.
Following Lavoisier, chemical research was put on a strictly scientific basis.
His exact experiments and rigorous use of analytical balance for weight
determination at every chemical change paved the way for the atomic
theory.

Were it not for one long, almost incidental sentence in John Dalton’s
first volume of A New System of Chemical Philosophy, 1808, the work of
this theorist would today have probably been forgotten. But upon that
sentence Dalton erected and elaborated his chemical atomic theory. It was
Dalton’s genius not only to revive the Greek concept of “atomos,” or
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ultimate particles, of Democritus (subscribed to by many, including Beyie
and Newton) but to postulate further that: (1) every element is composed
of homogeneous atoms whose weight is constant; and (2) chemical com-

pounds are formed by the union of the atoms of different elements in the
simplest numerical proportions.

Dalton arrived at this theory in a deductive manner, being more a
thinker than a natural experimenter. As is sometimes the case, a very
simple theory emerges from the most complex of thoughts. Dalton first
formulated his theory in 1803 and published his first volume of A New
System in 1808. His second volume, published in 1810, contributed sub-
stantive additions, as did his third volume, published in 1827. The Library
has all three volumes, each printed in Manchester. Dalton not only postu-
lated the concept that a chemical element was quantitatively definable, but
he published a table of “relative atomic weights” with symbols. This table
indicated proportions by weight of the elements in particular compounds.
Dalton’s atomic theory has been called a great unification—but it was also
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These drawings detail Lavoisier’s rigorous
methods of determining the subtle weight
changes that took place at every chemical reac-
tion. It was through his strict experirental ex-
amunations of the reactions involved in the com-
bustion of substances and the calcmation of
metals that he was able to overthrow finally the
phlogistic system and explain defimtively the
exact role oxygen played in these processes. At
the top right (fig. 2) is Lavoisier’s apparatus for
heating mercury 1n a confined volume of air—a
now classic experiment demonstrating the de-
composition and recomposition of air. Trasté
élémentaire de chimie, 1789, Antoine Laurent
Lavouster,
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a great clarification for chemustry. Dalton gave to chemistry a theory that
worked, a theory that would explain facts, a theory that would eventually
make chemistry as truly quantitative as any of the real sciences. Dalton
was a simple, modest individual whose Quaker beliefs made him shun the
limelight. He became internationally famous despite himself.

Building on the solid scientific foundation erected by Lavoisier and
Dalton, chemistry at the beginning of the mineteenth century became a field
of rapid growth spurred by the enthusiasm of new discovery. Four individ-
uals, each from a different European nation and all born within three
years of one another, best reflect the chemical advances of this exciting
period.

Jons Jakob Berzelius, “that colossal Northman” of Sweden, as a con-

temporary called him, followed Dalton’s path and prepared a list of
atomic weights that is regarded as the first reasonably accurate one in
history. Berzelus was an absolutely thorough and exact experimenter
whose work led to final acceptance of the atomic theory. By 1830 he was
considered the foremost chemical authority in the world. His textbook
Lebrbuch der Chemie, first published in 1803, went through five editions
before his death. The Library has both the 1825~31 Dresden second
edition in four volumes and the Dresden fourth edition, 1835—41, in ten
volumes, both translated from the Swedish into German by Friedrich
Wohler.

Two others, a Frenchman and an Italian, made significant separate
advances in pneumatic chemistry. Joseph Louis Gay-Lussac, an adventur-
ous French chemist who had traveled with Alexander von Humboldt and
made a balloon ascension with Jean Biot, announced kis law of combinming
volumes in 1808. Through his extensive investigations, Gay-Lussac demon-
strated that, like the two volumes of hydrogen and the one volume of
oxygen required to form water, similar volumetric relations existed be-
tween all gases that chemically combine with one another. Gay-Lussac is
represented in the Library by his Recherches physico-chimiques (Paris,
1811). Gay-Lussac made other important contributions to chemistry, but it
remained for Amadeo Avogadro to demonstrate the link between Gay-
Lussac’s law of combining volumes and Dalton’s atomic theory. In an
essay published in Journal de physique, de chimie, d’bistoire naturelle et
des arts in 1811, which is in the collections of the Library of Congress,
Avogadro offered the bold hypothesis that equal volumes of all gases and
vapors contain the same number of “ultimate molecules” at the same
pressure and temperature. Avogadro’s hypothesis offered insight into the
properties common to different substances, but like many simple truths,
his ideas were ignored and rejected by his peers. Not until nearly half a
century later would his theory become recognized as one of the corner-
stones of chemistry.

As quiet and self-effacing as was the aristocratic Avogadro, so the
Englishman Humphry Davy was brash and arrogant. Davy’s name is
associated with an impressive number of developments—not all imited to
chemistry. But his work linking the new field of electricity with chemical
investigation enabled hin, to discover several new elements. Among these
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discoveries were potassium, sodium, barium, calcium, and boron. His Beginning with the notion that a chemical ele-
discovery of nitrous oxide led to its use as the first chemical anesthetic. ment was something quantifiable, Dalton was

The Library has a first edition (1812) of his text Elements of Chemical
Philosophy, pubiished in Philadelphia His most important papers we-e
published in Philosophical Transactions. Davy had the not-unzommon

the first to prepare a table of atomic weights—
thus making chemistry a truly quantitative sci-
ence. This table was based on Dalton’s 1dea that
each element is composed of a ceriain number of

habit of his day of experimenting on himself and was often disabled by a atoms with a constant weight and that chemical
noxious sniff or taste. In 1812 he damaged his eyes in a nitrogen trichlor- compounds ace formed by the union of the at-

ide explosion. Of all his many discoveries, it is often said that his discov-
ery and tutelage of the young Michael Faraday was his greatest.
Nearing the middle of the nineteenth century, chemistry had matured to

oms of different elements, always in the simplest
numerical proportions. A New System of Chem-
1cal Philosophy, vol. 1, 1808. John Dalton.

the point of specialization. Work was beginning in the new field of organic
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190 chemistry, and two German chemusts, Justus von Liebig and Friedrich
Wohler, pioneered thus fertile field. Their collaboration began after
Wohler’s wife died tragically young. The twenty-eight-year-old Liebig then
asked the thirty-one-year-old Wohler to join him 1n an intensive research
effort. The twc became steadfast friends—the patient, quiet Wéhler coun-
terbalancing the aggressive, hot-tempered Liebig. The fruitful outcoine of
their collaboration was their confirmation of the 1dea that in organic
chemustry groups of elements were more significant building blocks than
the individual elements themselves. This was a radical concept. In 1nor-
ganic chemistry, the opposite was true.

Three of Liebig’s books in the Library’s collection are noteworthy.
Anlatung zur Analyse organischer Korper, published in Brunswick in
1837, detailed the constitution of organic compounds and described the
modern method of chemical analysis. His Die organische Chemie m ihrer
Anwendung auf Physiologie und Pathologte, published in Brunswick in
1842, is regarded as the first formal treatise on organic chemistry as
applied to physiology and to pathology. Liebig also introduced the use of
mineral fertilizers, and the Library has the first American edition (pub-
lished in Cambridge and Boston in 1841) of his famous work Organic
Chemistry in Its Applications to Agriculture and Physiology. Wohler is
represented most significantly in the Library’s collections by his article
“Ueber kinstliche Bildung des Harnstoffs,” which describes the first syn-
thesis of an organic compound. Wahler synthesized urea from ammonium
cyanate by simple heting. His article was published in Annalen der Physik
und Chemie in 1828.

No science is all experimentation, and chemistry is no exception. Occa-
sionally great strides are made by one individual pondering a problem,
playing intellectual games, or simply intuiting—seeing the inner organiza-
tion of nature, understanding the connections between upparent random-
ness. In 1869 an unknown Russian professor of chemistry, Dmitri Mende-
leev, published his first table of periodic elements. It was both a work of
real science and the product of true inspiration. For some time, Mendeleev
had brought his genius to the problem of the atomic weight of each
element. What was the underlying, essential relationship between the dif-
ferent elements? How did the property that made them different or alike
(their atomic weight) flow from that single constant? It is said that Mende-
leev had a passion for the elements, and it must have been so, for he kept
the problem constantly before him. On a card he wrote an element with its
known atomic weight. At one element per card, he had sixty-three cards,
which he shuffled in a game his friends called patience. He would arrange
his cards in all manner of groupings and rows, horizontal and vertical,
searching for a correct, systematic sequence. He was playing an abstract,
quantitative game of chemistry, and he soon perceived its hidden rules. In
1869 Mendeleev published in the Journal of the Russian Chemical Soctety
a table showing the classification and orgamization of the elements that
forms the foundation for the modern periodic table. The Library has this
periodical in its microfilm collections. With this seventeen-page paper,
titled ““Sootnoshenie svoistv s atomnym viesom elementov,” Mendeleev
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pronounced that the properties of the elements are a periodic function of
their atomic weights. In effect, this meant that if the elements were
assembled by order of their atomic weights, the distinct groupings or
families of related substances could be observed. Such a fundamental
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In his first periodic table, pubhished 1n 1869,
Dimitn Mendeleev demonstrated what became
known as the periodic law—that the properties
of chermical elements show a recurning pattern
when arranged in the order of increasing atomic
weight. In this table, the vertical rows contain
chemucally related substances. Using his table,
Mendeleev was able not only to observe a num-
ber of previously unsuspected analogies among
the elements but to interpret the obvious gaps as
undiscovered elements—elements whose exist-
ence he then posited and whose properties he
described. The periodic table has proved to be
an effective system of orgamization for cherms-
try—serving to classify and clarify—and a pro-
ductive conceptual device as well, predicting
both new elements and unknown relationships.
“Sootnoshenie svoistv s atomnym viesom ele-
mentov,” Zhurnal Russkago kbimicheskago
obshchestva, 1869. Dimitri Mendeleev.
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discovery seemed certainly sufficient for a thirty-five-year-old scientist, but
Mendeleev then went further and made a truly inspired leap of thought. In
using his newly discovered mathematical key to arrange the elements, he
perceived that there were, logically, elements yet undiscovered that were
missing from his table. Sull au the theoretical level, he then interpreted the
gaps as gaps, and left room in his table for the unknown elements. Also,
he was able to predict the characteristics of these unknown elements in
terms of their atomic weights and specific gravities. Mendeleev lived long
enough to see many of his predictions verified by experiment, when new
elements such as germanium were discovered. In addition to his famous
text Osnovy khimii (or The Principles of Chemistry) (St. Petersburg,
1895), the Library also has a copy of his 1865 St. Petersburg dissertation,
O soedmenii spirta § Vodoiu (On the compounds of alcohol with water).
The glowing gerius of Mendeleev bestows on the humble inductive process
a subtlety heretofore unseen.

While Mendeleev’s story shows that scientific discovery can have a
beautiful symmetry, the career of the American mathematical physicist
Josiah Willard Gibbs shows that science can also be powerfully compli-
cated and even unapproachable. Gibbs worked with the known principles
of thermodynamics and applied them mathematically to chemical reac-
tions. In a series of papers published between 1874 and 1878 in the
Transactions of the Connecticut Academy of Arts and Sciences, Gibbs laid
out his interpretation of what actually occurred during a chemical reac-
tion. Several of his findings became rules of chemistry, most notably the
“phase rule.” Gibbs’s work incisively described the relations between
chemical, electrical, and thermal energies. But sadly, the bulk of his find-
ings were over the heads of most of the scientific community. Recognition
of his great work came only after his peers and his science caught up with
him. In 1901, Gibbs was awarded the Royal Society’s Copley Medal, in
recognition of his having laid the foundation of physical chemistry. In the
Library’s collections is Gibbs’s work as it appeared in Connecticut Trans-
actions.

Gibbs’s receipt of the Royal Society’s award demonstrated that the
community of science is ideally an international one. But the active jeint
venture of an Englishman, Lord Rayleigh, and a Scot, William Rainsay,
showed science off at its cooperative best. Rayleigh was a physicist in-
trigued by atomic weights, and he set out to measure the depsities of gases
as accurately as possible. In doing this, he was puzzled by the nitrogen he
obtained from air, which was always specifically heavier than that ob-
tained from chemical compounds. In 1892 he published a letter in Nature,
presenting his problem to the scientific world and requesting suggestions.

Ramsey was teaching in London and took up the curious problem. The
two eventually worked together, identifying the leftover bubble of gas as a
new gas—one that was more dense than nitrogen and that made up about
1 percent of the atmosphere. This brought to mind the leftover gas of
Cavendish, a century earlie. The new gas would not combine with an-
other element and was so named argon by the pair, from a Greek word
for “inert.”” Rayleigh and Ramsay published their results in 1895 in

THE TRADITION OF SCIENCE

201



IToxt Provided by ERI

Philosophical Transactions of the Royal Society. Their article was entitled 193
“Argon, a New Constituent of the Atmosphere.” The Library has this
edition as well as the 1896 version printed in the Smithsonian Contribu-
tions to Knowledge series. Ramsay continued this work and by 1898 had
discovered four more new gases—helium, neon, krypton, and xenon. By
1920, both Rayleigh and Ramsay were dead, and chemistry as a separate
theoretical discipline given to mostly individual, personal investigation was
fading away.

Chemistry in the twentieth century has become more specialized, more
applied, and more interdisciplinary. Several twentieth-century chemists—
now biochemists, physical chemists, and photochemists—are represented in
the Library’s manuscript collections. Svante Arrhenius, considered one of
the founders of modern physical chemistry, is represented in the Library
not only by his paper on electrolytic dissociation, “Forsok att berikna
dissociationen hos i vatten l6sta kroppar,” in Ofversigt af Kongl. Veten-
skaps-Akademiens Fordhandlingar, 1887, but by his correspondence with
the American physiologist Jacques Loeb during the years 1904-23.

Among other notable modern chemists whose papers are deposited in
the Library of Congress are Irving Langmuir and Albert Szent-Gyorgt,
both Nobel Prize laureates. Langmuir’s collection is sizable, consisting of
letters from such contemporaries as Niels Bohr and Vannevar Bush, as
well as copies of his speeches and articles. Most significant are his experi-
mental notebooks for the years 1894-1957, which contain the data that
led to his development of the gas-filled incandescent lamp, the high vac-
uum power tube, ard atomic hydrogen welding. Szent-Gyorgi’s collection
is more limited and consists only of his correspordence with the famous
physicist George Gamow.

The tradition of chemistry is as much characterized by its unscientific
alchemical past as botany is by its old herbal ways. Although alchemy
contributed valuable hands-on experience to chemistry with its emphasis
on applied knowledge, it detracted from those contributions with its
wasteful attempts at doing the impossible. Combining myth with fact and
empiricism with wild speculation, the alchemist might be described as one
who sought the limits of the possible. The contradictory nature of his craft
led to such typically unproductive efforts as searching for a method of
transmuting base metals into gold, but alchemy also served to cultivate a
healthy and ultimately productive inquiry into the essential principles of
nature. When this fertile alchemical tradition was given scientific order and
purpose and was focused on its proper subject, its yield was bountiful.
Once it overcame the limits and distractions of a disorderly craft, it
attained both purpose and progress.
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6. Geology: The Secret in
the Stone

Few natural objects appear less capable of telling a story than does a rock.
Dense and mute, it sits unmovirg—the essence of stolidity and passivity. It
can be tossed playfully or hurled purposively. It can be used as a tool or
chipped and shaped to match man’s image. It can be literally supportive,
or it can be destructive by virtue of the use made of it. All such uses and
more were manifested early in man’s history. But the recognition that a
stone, any stone, has a past and contains within it a stor of both essential
changes interminably wrought as well as unimaginable violence and evi-
dence of physical extremes did not occur to man until relatively recently.
The individual rock, of course, particularizes the story of the earth. And
geology is the scientific study of that story.

The metaphor of the earth as a book to be read, with its rocks and
strata as the alphabet, is especially useful, for not until it was so regarded
could there be any real progyess in geology. All the answers of geology rest
in the earth itself—the secret is in the stone—and they await only the
knowing and observant eye. For centuries however, that eye was dis-
tracted, if not beclouded, by the belief that Scripture had provided a
workable and true theory of the earth. Generations of students began and
ended their studies at the dogmatic reference point of Genesis. Tenstons
between religious dogma and the emerging science of geology inevitably
increased as new and unsettling discoveries were made. By the mid-
eighteenth century, empirical evidence was beginning to erode the histor
cally solid base of the given. A turnabout did not happen suddenly,
however, and this accounts for the relative youth of geology as a science.

Ironically, the dominance of geology by religion reached its apex during
the rational, mechanistic, post-Newtonian era near the end of the seven-
teenth century. At that time, it was not unusual to discover many a
geological text written by a clergyman—especially in England. The Library
of Congress has several such books in its collections. Their authors strug-
gled laboriously during that age of reason to offer an empirical explana-
tion of the particulars of Genesis. It was in just such a religio-rational
milieu that Archbishop Ussher soberly proclaimed, in his Annals of the
World, that the world began during October of 4004 8.c.

Such a book represents a severely misguided, albeit charming, attempt at
the scientific method. At the core of that method is a single imperative—
that the truth be sought honestly and be faced openly. But the truth of
geology befuddles the mind and contradicts the senses. Even more upset-
ting are its implications. Fish fossils atop mountains, bones of extinct
elephants beneath the streets of Paris, massive glaciers that seem to be
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196 moving—such phenomena are more than curiosittes and demand explana-
tion. Attempting that explanation unfolds a timeless tale of constant,
almost imperceptible change marked sporadically by sudden, violent cata-
clysms. It also reveals that the beginnings of the earth preceded man’s own
existence and that ages upon ages of elementary change have occurred
which took no heed of man’s presence once he did arrive. This revolution-
ary truth of geology, first stated in full by James Hutton, eventually had
the same shattering impact as the Copernican revolution and the later
Darwinian revolution. The physical world that man had formerly regarded
as his private garden—a safe, secure, stable place designed to shelter him—
was shown to be anything but that. The most cultured and cosmopolitan
city in the world—Paris—was built upon the hardened overflow of terrible
volcanoes. Those imposing symbols of stability and imperturbability, the
mountains, had once been the bottom of the sea. Entire continents were on
the move. Decidedly, the world was a much different place than it ap-
peared.

Yet it is appearances that the geologist studies. To the untrained or the
uninterested, a pile of rocks is simply that. But the geologist sees the order
in apparent chaos and the chaos in what seems order. To him, a cut in the
earth becomes a slice of the past, a map of time, a story told with gravel
and fossils. Geology may be the most directly observational of the sciences
and the one that puts the most participatory demands on its students. The
books and maps described below were written and drafted by scientists
and scholars. But more than most scientists, these individuals demon-
strated a robust, active involvement with their science. Jean Guettard trod
1,800 miles to make a mineralogical map of France; William Smith spent a
lifetime walking his native England; Louis Agassiz nearly died descending
into the ice water of a glacier well; and Alfred Wegener did succumb
during the winter of an Arctic expedition.

These men of talent and even genius did not pursue the story of the
earth for sport. They and all their fellows recognized the significance of
geology. They saw that it provoked great conflicts between revealed and
empirical truths and dealt with issues that impinged directly on the nature |
of man and his role on earth. For them, geology involved contemplation of
immense destructive forces, yet it also required an attitude and a perspec-
tive of a certain calm timelessness. Finally, they knew that to learn the
lessons of geology, we must stoop, dig, and above all, go from ourselves to
the earth. For, as Cuvier said over 150 years ago, “You have thus found
the theory of the earth in the earth itself.”

Although some early notions about the earth itself were at times re-
markably accurate, those ideas usually focused on a singular geological
aspect or phenomenon and existed in isolation, apart from any overall
theory. Early investigators were more likely to be geographers than geolo-
gists, simply because a sense of place necessarily preceded any serious or
prolonged contemplation of the origin and nature of things. A man usually
first asks where he is and then proceeds to ask why and how he is there.

Nonetheless, some very early insights were achieved. The Greek Theo-
phrastus, in his treatise on stones, De Lapidibus, offered accurate and
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practical information on minerals he had obtained from miners and jewel-
crs. On the other hand, he contributed the false but persisting notion that
fossils were not the remains of real animals but rather were the result of
some plastic virtue within the earth. Only fragmentary parts of his treatise
survive, and the Library has the original Greek version, Peri lithon, con-
tained in volume 2 of the 1495-98 Venice edition of Aristotle’s Opera, as
well as a much later French version, Traité des pierres (Paris, 1754).

Another Greek, Eratosthenes, offered a more solid contribution. In the
third century before Christ, he announced his virtually correct calculations
of the size of the earth itself—figuring its circumference to be a little over
25,000 miles. Both his method and his mindset were decidedly scientific.
Noting that at the summer solstice the sun was directly overhead where he
stood in Alexandria and that at the same time it was seven degrees from
zenith at Syene in southern Egypt, he realized it was possible to calculate
the circumference of the earth using the actual distance between the two
piaces. His calculation hinged on two rather bold assumptions—that the
earth was round and that it had an equal curvature to its surface. He also
made the bold hypothesis that the presence of sea shells in the Libyan
desert indicated the previous extension of the ocean to that area. Little of
his work has survived, but the Library has a first edition of the only
published collection of all of Eratosthenes’s fragments, Eratosthenica, ed-
ited by Gottfried Bernhardy in Berlin in 1822. The significance to geology
of these Greek forerunners is found not so much in their substantive
contributions as in their basic assumptions. That is, they attributed geo-
logic phenomena (earthquakes, volcanoes) to natural causes instead of
seeking supernatural explanations. Such a view of the natural world is
imperative to the scientific method.

A keen eye also helps, and the widely traveled Greek geographer Strabo
saw much of the world. Strabo based his work on Eratosthenes and
consequently believed that only a small portion of the earth was known to
man. He not only postulated the existence of unknown land masses but
taught that the elevations and subsidences of the sea might affect whole
continents. Strabo viewed the earth as a dynamic and changeable place.
His powers of observation were such that he recognized the long-dormant
Vesuvius as a volcanic mountain. His main work, Geographica, is repre-
sented in the Library by a 1472 folio edition published in Venice. The
Library also has his De situ orbis (Venice, 1510), a geographical encyclo-
pedia containing much of the knowledge resulting from his travels. A large
book with very dense type, it offers descriptions of habits and customs of
various countries. A Venice 1502 edition is also in the collections.

The geological writings of Albertus Magnus (Albert, Count von Bélls-
tadt), a thirteenth-century Dominican monk, are worthy of mention pri-
marily because they serve both as a summary of geological knowledge up
to his time and as a guide to the next two centuries. The Library’s earlest
copy of his De mineralibus is the 1491 Pavia edition of a work first
published in book form nearly fifteen years earlier in Padua. It was written
about 1260. One of the most comprehensive works of its kind, De miner-
alibus is divided into five books dealing with stones, minerals, and metals.
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The only separate Greek work on rocks and
minerals to have survived is 1 short work by
Theophrastus, pupil of Anstotle. Its size, organi-
zation, and style indicate that it was part of a
larger work, now lost. Its emphasis is on the uses
and applications of minerals, and it remained an
authoritative practical work for eighteen
hundred years. This page is from an eighteenth-
century French edition. Traité des prerres, 1754.
Theophrastus.
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In this treatise on geography, the widely traveled
Greek Strabo offered several geological observa-
nons. He sketched an earth with fires atts
center, thus accounting for earthquakes and vol-
canoes as pressure-releasers. He also noted the
transporting action of water and the elevation
and subsidence of land areas. To Strabo, the
earth was a changeable and very dynamuc place.
De situ orbis, 1510. Strabo.
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By 1569 De mineralibus had gone into seven editions and had been
translated into Italian. The Library also has the 1569 Cologne edition. The
size of this uny, worn edition belies the amount of information it contains.

Georg Bauer, who Latinized his name to Agricola, has been called both
the father of mineralogy and the father of metallurgy. The Library has two
of his most significant works, both first edition copies. Agricola was a
physician who spent his life in mining regions and became interested in
mineralogy and its connection with medicine. As his interest broadened, he
produced two books, both published in 1546 in Basel. De ortu ¢ causis
subterraneorum, which the Library has in first edition, made significant
contributions to physical geology and is considered the first work in that
field. In it, Agricola recognized and was the first to describe the interplay
of water and wind in shaping the landscape. He also discussed the origin
of ore deposits and the eroding action of water. There are no illustrations
in the book. Agricola’s other work, De natura fossilium, which the Library
also has in first edition, bound with De ortu & causis subterraneorum,
earned him his place in the field of mineralogy. Here he described and
classified about eighty different minerals, some of which had never been
described before. This work provided a new scientific classification sys-
tem—one that ordered minerals according to their physical properties.

His crowning work on metals, De re metallica, was published in Basel in
1556, a year after his death. The treatise consists of twelve books and
summarizes every aspect of mining and metallurgical processes. Agricola
placed great emphasis on observation and stated in his preface: “That
which | have neither seen, nor carefully considered after reading or hearing
of, I have not written about.” The book contains a series of 273 large
woodcut illustrations by Hans Rudolf Manuel Deutsch. Most illustrate
machines and processes, of which Agricola noted, “I have not only
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described them but have also hired illustrators to delineate their forms, lest
descriptions which are conveyed by words should either not be understood
by men of our own times, or should cause difficulty to posterity . . ..” The
Library’s first edition copy is in excellent condition. De re metallica took
Agricola twenty years to write and another five years to have printed.
Much of this classic is devoted to a refutation of ancient beliefs and
practices. Agricola abhorred speculation not based on observation. His
work also for the first time revealed industrial techniques and processes
that previously had been family-held secrets. The book saw immediate
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As one of the leading scholars of the thirteenth
century, Albertus Magnus offered a theory on
the ongin of minerals and stones. The “mineral-
izing virtue” of the earth came from the planets
and the stars, he said, which radiated their m.n-
eralizing influences on a receptive earth. This
theory was basically an elaboranon of Ansto-
tle’s 1deas. De mineralibus, 1491. Albertus Mag-
nus.
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Opposite page:

Agricola’s extensive knowledge of all aspects of
mining and metallurgy enabled him not only to
amass a personal fortune but to contribute a
classic work to the field he loved so well. His De
re metallica was .he product of a hfetime of
practical experience and reflected Agricola’s sc1-
entific bias for the empirical and the demonstra-
ble. It is a most straightforward work, offering
details on even the smallest technical aspects of
mines and mining. The illustrations, which took
the designer Blasius Weffring three years to
complete, are similarly detailed and show
mostly machines and processes. This illustration
from Book 8 on how to extract metals demon-
strates one sluicing method for obtaining the
small black stones from which un is made. De re
metallica, 1556. Georg Agricola.

translation into German and Italian and was subsequently reissued in ten
editions. It was first tianslated into English by Herbert C. Hoover and his
wife, Lou Henry Hoover, in 1912, The Library’s first edition copy of the
Hoovers’ translation was published in London. Agricola obviously in-
tended his masterpiece to be both a textbook for his time and a gift to
posterity. In both goals he succeeded admirably.

Two other sixteenth-century works focus on discrete segments of geol-
ogy—metallurgy and fossils. The first, by Lazarus Ercker, reflects the
influence of Agricola. Entitled Beschreibung aller fiirnemisten mineral-
ischen Ertzt unnd Bergkwercks Arten, Ercker’s treatise on ores and assay-
ing amplifies Agricola’s description and classifications. First published 1n
Prague in 1574, his work was basically a text for the practicing assayer. It
proved so accurate and so useful that it continued to be consulted for the
next two centuries. The Library’s copy 1s a Frankfurt second edition,
published in 1598. It is a large but thin, water-stained book whose many
illustrations depict mostly mining scenes.

A contemporary of Ercker, the Frenchman Bernard Palissy published in
1580 Discours adnirables, in which he discussed the origins of petrified
wood and the occurrence of fossil fish and mollusks. Palissy was an ardent
French Huguenot as well as a famous potter. Appointed ““inventor of
rustic pottery to the king and queen mother” by Catherine de Medici
during her years of attempted reconciliation with the Protestants, he and
his sons built a pottery grotto for the queen in the garden of the Tuileries.
In his book, Palissy pointed out that he had found many fossil conchylia
that were identical to living mollusks and therefore concluded that the
areas where he had found such fossils must have at one time been sub-
merged. Such a view was contrary to what was taught by the Scholastics,
such as Albertus Magnus, who denied that fossils were petrified remains of
once-living animals. Palissy was the first man in France to express such a
radical view, and it offered his religious enemies further proof of his
heresy. Palissy, who is represented in the Library by a 1777 Paris edition
of his works, Oeuvres de Bernard Palissy, edited by Faujas de Saint-Fond,
died in the dungeons of the Bastille in 1590. The Library’s copy of the
1777 edition is inscribed to “Monsieur Franklin” by its publisher, Ruault.

Palissy’s head-on clash with the religious orthodoxy of his time was one
of the more dramatic incidents in the characteristically antagonistic rela-
tionship of geology with the Christian faith. For, more than most scientific
disciplines, geology in its subject matter impinged directly upon church
dogma, specifically that regarding the subject of creation. The church
believed it had received a definitive outline in Genesis and therefore con-
doned only those theories that fitted within the narrow confines of that
tale. One such theory, that of Archbishop James Ussher, is a famous
example of the unscientific method. In his Annals of the World, of which
the Library has both the Latin first edition (London, 1650) an- the English
version (London, 1658), Ussher accepted the Bible’s days of creation as
literal units and began his calculations. He then set the earth’s beginning
on “the entrance of the night preceding the twenty third day of October,
4004 B.C.” Both theologians and the faithful readily accepted his offering
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This woodcut view of an assay laboratory 1s
from Lazarus Ercker’s practical treatise on ores
and assaying. Sumulated by Agnicola’s work on
mining, Ercker (who was superintendent of
mines to Rudolph I of Austria) sought to bring
some intellectual order to the speafic problems
of testing and assaying ores. His comprehensive
manual was instructive, useful, and accurate and
remained in use for two centuries. Beschreibung
aller fiirnemisten mineralisches Ertzt unnd
Bergkwercks Arten, 1598. Lazarus Ercker.
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and scribbled the date in many a Bible. It then became unthinkable tha:
the earth was more than a few thousand years old.

For the next century or more, geological fact would compete with
speculation and fancy as many a well-intentioned individual attempted to
reconcile emerging discoveries and new ideas with the old accepted be-
liefs—usually to the disservice of both. Nils Steensen, known as Steno,
experienced the heights of both worlds. Once a professor of anatomy at
Padua, Steno was a wealthy Dane who took up the study of fossils. In his
De solido, or Dissertation on a Solid Body, published in Florence in 1669,
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What became known as scriptural geology 1s
partially represented by this work of Archbishop
James Ussher of Ireland. Ussher interpreted the
Old Testament and calculated that the earth’s
creation took place during the year 4004 B.c. He
¢ also dated the Great Flood at 2349 B.c. Such
specificity from a respected religious source lent
enormous credibility to the popular notion that
e P N B ' the earth was geologically young. The Annals of
. the World, 1658. James Ussher.
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a work that has become extremely rare, Steno offered a major contribution
to the advance of geology. Having studied the composition of the earth’s
crust in the Tuscany region, he was the first to recognize that the strata of
the earth contains the chronological record of its geological history. De
solido, of which the Library has the first English translation, by John G.
Winter (New York, 1916), contains Steno’s famous diagram showing six
successive types of stratification. Steno also made clear the true origin of
fossils, as the remains of once-living things. In this theory he reflected the
ideas of the Italian school, led by Fallopio, Fracastoro, and Moro.

Steno’s fossil work was accepted by few, and he turned increasingly to
the religious life. He had always been a devout Lutheran, but in 1667 he
became a Catholic and gave up medicine and geology. He was eventually
to become a bishop in northern Germany. In his final years he was
described as practicing an extreme and unbalanced asceticism, which even-
tually undermined his health. Thus Steno, whose scientific genius laid out
some of the principles of modern geology (and whose medical accomplish-
ments were equally brilliant), stopped his career in mid-step and strode off
in an entirely different direction. His lasting work, De solido, is a small
treatise, almost an outline, for it was intended as an introduction to a
larger work—a work he never began.

As the organic origin of fossils became increasingly evident toward the
end of the seventeenth century, the struggle to reconcile the emerging story
of the earth with that of received doctrine continued. Three books, all
published during the last twenty years of that century, purported to
explain fossils and much else in terms of the great flood. Fossils were
dismissed simply as the vestiges of creation that became interred after the
flood of Noah. And theories of the earth’s origin were more complicated
and fanciful. The first of these books was the Reverend Thomas Burnet’s
work, whose complete title 1s characteristic of the age: The Sacred Theory
of the Earth, Containing an Account of the Original of the Earth, and of
All the General Changes Which it Hath Already Undergone, or Is to
Undergo, Till the Consummation of All Things. First published in London
in 1681, this work is represented in the Library by the London edition of
1726, as well as the 1699 Latin edition. Burnet offered a theory of the
earth that explained the scriptural account of both creation and the flood
by natural processes. An angry God had baked our earthly paradise and
had rent open great fissures, from which issued the waters of the deluge.
The final result was the shattered and ruined earth of our time—a chaos of
mountains and plans. Burnet’s book garnered considerable attention and
was a particular favorite of King Charles II of England. First published in
Laun, with only twenty-five copies issued, his work saw a later, larger
English version.

In 1695, John Woodward, professor of physick in Gresham College,
published in London his Essay towards a Natural History of the Earth.
Woodward best exemplifies the orthodox religious views of his academic
contemporaries vis-a-vis geology. As a man of science, Woodward tried to
accommodate all observed phenomena with Scripture. He was a diluvialist
to the core and argued that the earth’s crust was “taken all to pieces” by
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A unique blend of science, scripture, and Platon-
1 1sm, Thomas Burnet’s explanation of the forma-
tion of the earth’s features made for a very read-
able and popular book. His theory described a
once perfectly habitable earth which became the
irregular place of today after the great flood had
done its rough work. Although the book was a
popular success, it was criticized by both theolo-
gians and scientists. The former said Burnet had
been too liberal or allegorical in interpreting
scripture and had overemphasized the role of
natural forces, whereas some scientiests refuted
his use of Cartesian mechanics with their own
Newtonian version. Despite his labored expla-
natons and selective interpretations, Burnet’s
basic emphasis on the shaping power of natural
forces was an important contribution to the fu-
ture science of geology. This frontispiece depicts
some of the major changes the earth has endured
over time and predicts a umversal conflagration
that will end the world. Tellurs theoria sacra,
1699. Thomas Burnet.
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the deluge and eventually resettled into the strata we see today. Wood-
ward’s work had a wide circulation, and the Library has a first edition
copy, a small unillustrated book.

A year after Woodward’s publication, another book appeared in Lon-
don, written by Isaac Newton’s successor to the chair of mathematics in
Cambridge. William Whiston was recommended for the position by New-
ton himself, and his book’s title suggests a confident state of mind. Entitled
A New Theory of the Earth, from Its Original, to the Consummation of
All Things, Wherein the Creation of the World in Six Days, the Universal
Deluge, and the General Conflagration, as Laid Down in the Holy Scrip-
tures, Are Shewn to Be Perfectly Agreeable to Reason and Philosophy,
Whiston’s book attributed the flood to the close passing of a great comet
that unleashec an incessant deluge upon the earth. Not to be outdone by
Burnet, with whom he disagreed, Whiston dated his cloudburst on para-
dise at some time on the eighteenth of November, 2349 B.c. Wh